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INTRODUCTION 
The intensity of man's activities and diversity and 
magnitude of different types of wastes introduced into 
environment as a consequence, are increasing at an 
alarming rate. Environmental pollution has become a problem 
of major consequence. But they are neither novel nor unique to 
man. They have come into sharp focus in the past decade or 
so. Discharge of the waste products creates a significant 
impact on environment and affect all living creatures. 
Hence environmental pollution includes the release of 
substance which harms the quality of air, water, soil and 
which upsets the biological cycles liking man to animal, 
bacteria and plants. It also includes the substances v/hich 
is hazardous to man and other animals or plants. 
Environmental pollution is generally referred to man 
made pollution and is the introduction directly or 
indirectly though man's activities into the atmosphere, 
hydrosphere, lithosphere, and biosphere or intensity 
appreciable or deleterious effects upon environments of 
biosphere. Environmental movements are largely associated 
with various human problems such as maintenance of renev/able 
resources, geological hazards associated with many natural 
disasters as earth quakes, volcanic-eruptions, hurricans, 
floods, landslides, conservation of non renewable resources, 
alleviate chronic droughts, indiscriminate consumption of 
fertilizers, pesticides, herbicides, insecticides in 
agriculture, sewage and industrial effluents and natural 
pollution hazards. 
The word pollution is derived from the latin word 
'pollutes'. The oxford Dictionary defines the word pollutes 
as to make physically impure, foul or filthy, to dirty, 
stain, taint or befoul. And the word pollution is defined 
as the act of polluting or condition of being polluted, 
uncleanness or impurity caused by the contamination. 
In short pollution can be defined as the occurance of 
substance in wrong places at wrong times in wrong amounts. 
But it is not easy to give a precise definition of 
"pollution" or the word polluting. Most people have fairly 
definite view to what constitutes pollution in a stream. If 
a river is turbid, or coloured or contains visible suspended 
or floating matter or has an objectionable smell, then it is 
rightly regarded by the average person as polluted. 
The'environmental pollution has been classified into 
air, water, thermal and noise pollution. 
In air pollution the pollutants include gases and 
particulate solids and liquids of both organic and inorganic 
origin. Water pollution includes presence of disease 
producing (pathogenic) bacteria and viruses (biological 
pollution) and of undesirable ions and compounds in solution 
(chemical pollution). Presence of suspended solids causing 
turbidity may be included as forms of water pollution. 
Thermal pollution of air and water, a form of energy 
infusion, raises the quantity of sensible hosts in the 
fluids to abnormally high levels. 
Noise pollution covers every infusion into the 
environment by sound wave transmission. 
Among all these different types of pollution, water 
pollution is one of the most serious problem today. The 
quality of water is of vital concern for mankind since it is 
directly linked with human welfare. Generally speaking 
water pollution is a state of deviation from pure condition, 
whereby its normal function and properties are affected. 
Water pollution is caused by the addition of an agent 
whether chemical (both organic and inorganic materials), 
biological (bacteria, viruses and protozoa) or physical 
(temperature, colour, odour, turbidity and suspended 
matters), which renders the body of water unfit for drinking 
or any other specific use. 
SOURCES OF WATER POLLUTION: 
The main sources of pollution are as follows: 
(i) Domestic sewage. 
(ii) Industrial wastes, 
(iii) Agricultural wastes. 
(iv) Radio active materials and mining waste, 
(v) Natural pollution, 
(vi) Population growth, 
(vii) Geology and vegetation. 
(i) DOMESTIC SEWAGE: 
If domestic sewage is not properly handled after it 
is produced or if the effluent received at the end of sewage 
treatment plant is not of adequate standard, there are 
chances of water bodies being polluted. 
Domestic sewage consists of spent water coming from 
wash basin, bath room, washing machine, kitchen etc. It also 
consists of living matter especially bacteria, viruses and 
protozoa (Mathur and Kaur 1972; Raman et al., 1983; Bhide, 
1983). 
(ii) INDUSTRIAL WASTES: 
Industrial wastes are likely to pollute the water 
courses. The industrial wastes may carry a number of harmful 
substances such as -grease and oil, explosives, heavy metals, 
pesticides, highly odorous substances etc. which are likely 
to pollute the water courses when discharged into it. The 
principal types of industries which contribute to pollution 
of rivers are chemicals and pharmaceuticals, coalwasheries, 
hydrogenated vegetable oil and soap, pulp paper, sugar and 
distilleries, textiles and tanneries, steel mills, 
fertilizer, oil refineries and various other industries. 
(Forstner and Muller, 1974; Cameron, 1978; Rao, 1979; 
Srinivasan. 1983; Bilgrami, et al., 1984). 
(iii) AGRICULTURAL WASTES: 
The advances made in agricultural activities with the 
extensive use of fertilizers and insecticides are main 
factors which may cause pollution to surface waters. The 
important pollutants to be found in surface run off from 
agricultural areas are sediments, animal wastes, wastes from 
industrial processing of raw agricultural products, plant 
nutrients (nitrogen, phosphorus, potassium), crop residues, 
inorganic salts, minerals and pesticides (Stumm and Morgan 
1970; Jenke, 1974, Handa. 1983). 
(iv) RADIO ACTIVE MATERIALS AND MINING WASTES: 
The discharge of radio active wastes into water from 
industries dealing with radio active substances may 
seriously pollute the waters. 
The human activities which are responsible for radio 
active pollution are: 
(a) Mining and processing of ores to produce useable radio-
active substances. 
(b) use of radio active materials in nuclears weapons, and 
nuclear power plants. . 
(v) NATURAL POLLUTION: 
The natural pollution arises from seepage of ground 
water, stream wash, swamp drainage and aquatic life of 
stream and river (Chopra 1982; Sharma and Ghose. 1983). 
(vi) POPULATION GROWTH: 
The problem of pollution is the uncontrolled growth 
and activity of human population. 
(vii) GEOLOGY AND VEGETATION: 
Regional geology and vegetation also effect the water 
and soil pollution. The sediment resulting from soil erosion 
is today recognised as being the largest single pollutant 
affecting water quality (Robinson, 1973; Kardos and Sopper, 
1974; Jones, 1979). 
1. TYPES OF WATER POLLUTION: 
All domestic , industrial and agriculture wastes 
affect in some way the normal life of a river. The 
following is the discussion for the common types of 
pollutants: 
1.1 Physical pollution 
1.2 Chemical pollution 
1.3 Sediment pollution 
1.4 Bacteriological pollution 
1.1 PHYSICAL POLLUTION: 
The water bodies may be receiving colour from natural 
or artificial sources. The colour is due in most cases to 
organic dyes but there are some highly coloured substances 
of mineral origin, especially compounds of Iron and 
chromium. Sometimes the water may turn black owing to 
formation of ferrous sulphide which is due to the inter-
action between two trade wastes in a stream. 
Industrial wastes contain many strong smelling 
chemical compounds which impart characteristic taste and 
odour to water viz. salts/ iron^ manganese, free chlorine, 
hydrogen sulphide, phenols and unsaturated hydrocarbons. 
The pollution of water- due to taste and odour may adversely 
effect fish life and renders the water unfit for drinking. 
The rise in temperature of water bodies may be due to 
discharge of heated trade effluents from factories and mills 
in to it. As the temperature of the water rises, there is 
not only depletion of dissolved oxygen but also an increase 
in the rate of utilization of dissolved oxygen by 
biochemical reactions. Another harmful consequences of the 
discharge of warm waste water is that it tends to encourage 
excessive growth of 'sewage fungus' which is injurious to 
aquatic organisms. 
A striking physical characteristics of sewage and 
industrial waste waters is the degree of cloudiness or 
'turbidity'. This turbidity is due to the presence of 
colloidal matter or finely divided suspended matter, salts 
of iron and manganese which are oxidised to their hydroxides 
and sewage. 
The presence of insoluble suspended matter in water 
bodies is due to sewage or some industrial wastes. Suspended 
matter may be mainly inorganic or mineral in character, 
predominantly organic or volatile. The organic matter may 
be sewage effluents, dairy wastes, coal washeries etc. On 
the other hand, wastes from sand washing, china clay works 
and stone quarring contain chiefly inorganic suspended 
solids. 
The pollution of water by foam may prove to be 
serious. The presence of foam indicates suspension or 
dispersion of gas in water. The important agencies 
responsible for foam formation in water are natural 
compounds, soaps and detergents, fish glue and saponins etc. 
Radioactivity is potentially a dangerous form of 
river pollution. The disintegration of radioactive elements 
involves the release of many different types of radiation 
highly damaging in varying degrees to animals, plant life 
and man. The most important of these are alpha-, beta- and 
gamma rays. 
1.2 CHEMICAL POLLUTION: 
The chemical pollution of water occurs due to the 
presence of inorganic chemicals or organic chemicals. 
(a) Inorganic Pollution: 
The inorganic chemical pollution may be due to acids 
present in industrial wastes such as factories producing 
10 
DDT, high explosive factories, battery factories etc. The 
water containing acids is harmful to the aquatic life and it 
may lead to corrosion of metal or concrete structures, pumps 
etc. Alkalies also play the same part. Acids and alkalies 
can destroy bacteria and other micro organisms and as such 
exhibit or prevent self purification of streams. 
• 
Acid mine drainage is a very common and damaging 
problem. Coal mines discharge substantial quantities of 
H-SO, and also Fe(OH)^ into local streams through seepage 
and as such can destroy the aquatic life in water bodies. 
Certain inorganic compounds are toxic to fish and 
other aquatic life. These compounds include free chlorine, 
chloramines, hydrogen sulphide, soluble sulphides, ammonia 
and salts of many metals such as chromium, lead, nickel, 
copper, uranium, mercury, silver, zinc etc. All these 
compounds are derived from industrial wastes such as 
fertilizers, coke ovens, gas liquors, alkali producing 
factories etc. In addition to- these conpounds, some 
minerals and gases derived either naturally or from certain 
industrial wastes are also toxic to fish life. 
(b) Organic Pollution: 
The most common form of water pollution due to 
organic chemicals is due to the presence of fats, proteins. 
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carbohydrates and other organic substances. These organic 
chemicals get access to water bodies either through sewage 
or through industrial wastes. The important industries 
contributing to such chemicals are drugs, dye stuffs, 
insecticides, pesticides, chemicals, detergents, etc. 
Fats which include animal and vegetable oils, are 
esters of the trihydric alcohol glycerol with higher fatty 
acids (e.g. palmitic, stearic and oleic acids). Fats occur 
in sewage and in industrial wastes such as wool scouring 
wastes, edible oils and fat refining wastes, wastes from 
soap manufacture and laundry wastes. 
Proteins are nitrogenous organic substances which are 
found in animal and vegetable kindgom and consist of amino 
acids united by their carboxyl- and amino-groups for e.g., 
egg albumin, gelatin (found in bones and animal tissues), 
^keratin (present in wool) fibrosin (present in natural 
silk), casein (found in milk) and glutenin (present in 
wheat). They all contain carbon, hydrogen, oxygen and 
nitrogen; some contain phosphorus and some contain sulphur 
as well. 
Soaps which are found in sewage, sewage sludges, 
laundry wastes and textile wastes are metallic salts of 
higher fatty acids or of resin acids, which are in common. 
12 
termed as water-soluble sodium and potassium salts. In 
addition to the water-soluble sodium and potassium soaps, 
there are also water-insoluble soaps of such metals as Ca, 
Fe, Al, -Mn, Pb and Zn. Many of these metallic soaps are 
used industrially, for instance aluminium, zinc and lead 
soaps in certain lubricants and greases and manganese, lead 
and cobalt soaps in the manufacture of paints and varnishes. 
Calcium soaps present in sewage and sewage sludge are formed 
by the action of hard water, containing calcium salts, on 
sodium and potassium soaps used for washing and cleaning 
purposes. 
Waxes are esters of higher fatty acids and either a 
monohydric solid alcohol or a sterol. Waxes are present in 
waste waters from the scouring of wool and in certain paper 
and textile wastes. 
Resins are complex compounds of carbon, hydrogen*and 
oxygen found as secretions in many plants . Resins are used 
in the manufacture of linoleum, paint, textiles and in 
preparation of lacquers. 
Rubber is found in wastes from rubber manufacture and 
processing and from the waxing of paper. It is a 
polymerized form of hydrocarbon isoprene. 
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Oil as a form of river pollution may come from 
barges, tankers, and boats on rivers, or may be derived from 
industrial wastes, metallurgical industries, garages, 
engineering works etc. The over all effect of oil on 
aquatic organisms are (a) direct lethal toxicity (b) disrup-
tion of physiological or behavioral activities (c) direct 
oil coating (d) tainting caused by the incorporation of 
hydrocarbons in the organisms and (e) changes in biological 
habitats . 
Heavy oil residues that are not degraded or deposited 
on sediments end up as tar lumps or tar balls: Tar is a 
viscous dark brown or black liquid and may float on the 
surface of water. 
It is an extremely dangerous form of pollution in a 
river when its content is of toxic in nature such as phenols 
(e.g. phenol, the three cresol, naphthols etc.) and organic 
bases (e.g. pyridine, acridine, quinoline etc.). Its 
presence causes destructions of bacteria, fish and other 
aquatic life. 
Synthetic detergents too are toxic to fish, water 
plants and animals. These are cleaning agents which include 
as a part of its formulation a petrochemical or other 
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synthetically derived surfactant (10-30%) builder (12%) and 
other ingredient e.g. anticorrosive sodium silicate, amide 
foam stabilizers, etc-
1.3. SEDIMENT POLLUTION: 
Sediment may be the greatest pollutant. In many 
areas it is choking the streams, filling ^n lakes, 
reserviors, ponds, canals drainage, ditches and harbours, 
burying vegetation and generally creating a nuisance that is 
difficult to remove. It is truly a resource out cf place in 
that it depletes land resources (soil) at its site of 
origin, reduces the quality of water resources it enters and 
may deposit sterile materials on productive cropland or 
other useful land. As a matter of rough estimate, suspended 
solid loadings reaching natural waters are about 700 times 
as large as the solid loadings from sewage discharge. Soil 
erosion gets enhanced 5-10 times as a result of agricultural 
development and about 100 times due to ccr.struction 
activities. Strip mining activities have a great influence 
on the erosion rate in an area. 
Bottom sediments are important sources of inorganic 
and organic matter in streams, fresh water, estuaries and 
oceans. The bottom sediments are subjected to anaerobic 
15 
i.e., reducing conditions. They undergo continous leaching 
and have the ability to exchange cations with the surround-
ing aquatic medium. 
Sediments and suspended particles are also important 
repositories for trace metals, e.g., Cr, Cu, Mo, Ni, Co and 
Mn. 
1.4. BACTERIOLOGICAL POLLUTION: 
Bacteriological pollution occurs due to the presence 
of pathogenic bacteria, certain fungi, algae, pathogenic 
protozoa, viruses, parasitic worms, eta. These organisms 
multiply excessively in water bodies and from the view point 
of public health, they are injurious and harmful. 
The important sources of bacteriological pollution 
are domestic sewage and certain types of industrial wastes. 
Solid excreta from human bodies and decomposable organic 
matter of sewage provide an excellent medium for the 
development of bacteria in water. 
Most pathogenic bacteria found in water are indi-
genous to the intestinal tract of animal and man. Many 
water borne diseases like cholera, typhoid, malaria are 
transmitted through drinking water to man. 
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STATEMENT OF THE PROBLEM: /STUDY AREA : 
The study area covers the north-western part of Uttar 
Pradesh which is bounded by the two most important rivers, 
Yamuna in the west and Ganga in the east and comprises of 
four districts of Ganga-Yamuna-Doab starting from North with 
Saharanpur to Ghaziabad in the South. In between these two 
districts lies Muzaffarnagar adjacent to Saharanpur in the 
North and Meerut in the South. 
The district Saharanpur lies between 29" 34' and 30° 
24' North and 77° 7' and 78° 2' East with an area of 2,228 
square miles whereas Muzaffarnagar lies in between the 
parallel of latitude 29° 11' and 29° 43' North and longitude 
77° 04' and 78° 07' East with an area of 36,25 square miles. 
The districts Meerut and Ghaziabad is located between 
latitudes 28° 30' and 29° 20' North and longitudes 77° 5' 
and 78° 15' East, covering an area of 3865 square niles. 
Hindon River flows in the western part of Uttar 
Pradesh from Saharanpur district in the north east and 
passes through Muzaffarnagar, Meerut, Ghaziabad and ulti-
mately joins the river Yamuna near Bulandshahar in the south 
west. 
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WORK PLAN: 
It is proposed to carry out a systematic study of the 
chemical nature of the surface and subsurface wa-er bodies 
and extent of water pollution in all the two unizs of the 
Hindon river basins. The collected data will be rrouped as 
under :-
1. Systematic collection of water samples both from surface 
and subsurface water bodies and also the waste water 
samples from the different industries. 
2. Data have been collected on the various types of indus-
tries, their production, the total liquid waste, 
collection and monitoring of surface samples of water 
from Hindon river basin. 
3. Chemical analysis of commonly found cations and anions 
in water e.g. Na, K, Mg, Ca, CI, etc. and analysis of 
trace elements by AAS e.g., Cu, Zn, Cd, Ni, Cr, Mn, Pb, 
Fe, Co. 
4. The extent of pollution and its possible repercussion; 
toxic effects of metals and its proper treatment. 
5. Interpretation of the results on the basis of the 
demography and industrialization. 
CHAPTER II 
SURVEY OF LITERATURE 
RIVER POLLUTION GENERAL 
A study on water quality of Livingston Reservior of 
the Trinity River was carried out by Rewson (1979). He 
found the average dissolved solids, Cl and SO, to be 
250 mg/1/ 40 mg/1, 50 mg/1 respectively. The concentration 
of dissolved solids was highest in summer. Oxygen depletion 
was observed during periods of summer stagnation which 
produced reducing conditions and resulted in solutions of Fe 
and Mn from the botton sediments. 
Analysis of water samples from various reaches of the 
Banna river (Germany) was done by Apel et. al. (1979). It 
was found that the sewage treatment plant of the Volks Wagon 
Factory particularly, contributed NH.+, Cl , SO., Fe (II), 
Mn(II), CN and through its effluent into the river. The 
Abwassar Verbandes Bannatal sewage plant particularly, 
increased the concentrations of the entrophying substances 
like NH.+, NO^ and phosphates. 
Govindan and Sundaresan, (1979) studied the pollu-
tional aspects of the Adyar river in Madras and its effect 
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on aquatic life with special references to algae and their 
seasonal succession over a period of one year (April 1970-
1971). They selected a stretch of 13 km of the river for 
these studies. The algae analysis of river water at 
different stations showed the presence of a variety of 
phytoplankton and benthic organisms. 
Gupta and Pandey (1980) carried out the environmental 
pollution monitoring of river Pandu at Kanpur. The samples 
were collected twice a month and analysed for pH, 
temperature, electrical conductivity, BOD, COD, ammonical 
and organic nitrogen, sulphides, total solides, total 
hardness, total alkalinity; and chlorides. They found that 
the variations in the chemical water quality were due to the 
waste discharged which were associated with organic and 
inorganic enrichment. 
Mutlak et al. (1980) studied the effect of Baghdad 
city on the water quality of the Tigris River. They found an 
increase in salinity from 390 to 443 mg/1. Total hardness 
and turbidity also increased when the river passed through 
Baghdad city. The increase in the total hardness was mostly 
due to the increase in Magnesium concentration. 
The characteristics of water quality of upper Amazon 
River was studied by Takabayashi et. al. (1980). The pH 
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value showed strong acidity which was due to humic acid. 
The Purus River had slightly different characteristics of 
water quality from those rivers of the plains owing to the 
igneous and metamorphic rock which covered 30% of the area. 
The role of microflora in the assessment of the 
pollution level of River Ganges at Kanpur was studied by 
Bharti (1980). From April 1977 to January 1978, thirteen 
sampling stations along the River Ganges (India) were 
monitored to determine the density, diversity and distribu-
tion of aquatic life in relation to physical and chemical 
water quality. Samples were collected monthly, and Ulothrix 
cladophora, and Stigeaclonium algae and Saprolegnia, 
Aspergillus and Leptomitus fungi were cultivated. Stigeo-
clonium and Leptomitus are pollution indicators, while 
ulothrix, saprolegnia and cladophora are indicators of clean 
water zones. Pollution level increased downstream as a 
result of tanneries and defence factory wastes being added 
to the river. 
The fate of toxic substances in Rivers were studied 
by Rudolf, and Duchmann (1982). A statistical technique was 
used to determine if hydrophobic organic substances have 
vertically a uniform distribution in a river. At a river 
polluted with chlorinated organic pesticides, several water 
samples were collected at different depths to perform an 
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analysis of variance on a nested design. It was found that 
the log normal distribution gave, in most cases, a better 
discription of the grab samples distribution than the normal 
distribution. Although no attenuation in the pesticide 
concentration of water and bottom sediment samples over the 
distance was observed, upper limits for a first order decay 
at which decay would have been observed are reported, as 
well as the observed partition coefficient. 
Mook et. al. (1983) found more than 72 specimens of 
fouling organisms in the Indian River. Most were of warm 
water affinity and seasonal, whereas other settled 
throughout the year. Species distribution patterns showed 
that the specimen composition of the fouling community 
changed from north of the Ft. Pierce Inlet. The Ft. Pierce 
Inlet is dominated by stenotopic colonial forms whereas 
eurytopic solitary forms dominate the areas north of inlet. 
Differences are attributed to increasing environmental 
stresses on the organisms at locations away from the inlet. 
Disturbances also influence the fouling community. Most 
members of Indian Rivers fouling community are filter 
feeders, and the suspended material they feed on may be 
cycled through the community several times before falling to 
the bottom as sediment. Fouling communities are an 
important agent for converting suspended material to bottom 
sediments. 
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The effect of distillery waste on the biota of River 
Cauvery, India, was studied by Rehaman (1984). Sugar and 
distillery industries rank among the major industries in 
India. Extreme pollution of rivers and foul smell in the 
vicinity of sugar mill and distilleries are commonly 
experienced. The impact of effluent on the physico-chemical 
nature of the water bodies and biological communities have 
been studied. Among phytoplankton, cyanophyta was the 
tolerant group; zooplankton density in the channel and 
river waters were also recorded. 
The controlled discharge of chemically treated meat 
works effluents to the Wzimakariri River was studied by 
Tipler (1985). The condition which led to foaming upon dis-
charge of their effluents was estimated. The near filled 
effect of a turbulent jet discharged into the river were 
also examined. The resultant method of discharge was thus 
controlled which proved to be environmentally satisfactory. 
Effects of sewage treatment plant on physico-chemical 
quality and community structure of the polluted river was 
studied by Jacques et. al. (1986). A sewage treatment plant 
was installed in order to purify the organic discharges 
which has been heavily polluting the upper stretch of the 
river Hautesemois. Physico-chemical observations were 
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gathered at different sites along the river before starting 
the treatment and after it. The results showed an obvious 
decrease of the values of the parameters which depended on 
the organic load along the first 10 km. below the plant and 
the disappearance of the daily pollution peak along the 
whole river. This recovery from the organic pollution was 
observed one year as well as two months after zhe sewage 
treatment plant started functioning. In order tc find out 
how this recovery has influenced the river's biological 
properties, quantitative samples of the benthic fauna were 
taken simultaneously. After a period of one year no 
improvement of the river's biological properties was 
observed. No taxa typical for the good quality water has 
shown up. Certain stations were characterized by only 
quantitative changes. 
A comparative study of various physicc-chemical 
parameters in the water of River Burhi Gandak in Ncrth Bihar 
was carried out by Singh et, al (1986) in 1982 and 1983. The 
water temperature, pH, D.O, and carbonate, alkalini-y ranged 
from 4-31.2°C and 75-30°C; 7.2-8.2; 52-12.4 and 4.2-11.6; 
18.34 and 94-224 in 1982 and 1983 respectively. Whereas the 
phosphate and silicate contents ranged from 0.14-0.18 and 
0.12-0.16; 10-26 and 12-30 ppm in 1982 and 1983 
respectively. 
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Lin, et.al. (1987) studied the effects of waste 
discharges on Mississippi River. They assessed the impacts 
of wastes from a large water treatment plant on Mississippi 
River sediments. During the cleaning of two basins,' the 
waste discharge increased the Fe, Al, moisture and organic 
contents and changed the particle size distribution of the 
sediments. The influence of the discharge was confined to 
the area 100 ft. (30 m) off-shore and within 3,300 ft. 
(900 m) down stream of the waste outfall. No measurable 
effects from the discharge were found one week after 
cleaning of the basis. 
Silvia et. al. (1988) studied some physico-chemical 
properties of Nitwala River waters in Southern Srilanka with 
special reference to effluents, resulting from the anthro-
pogenic activities. They also reported the variations of 
the following parameters with seasons and length of river: 
acidity chloride, ammonia, nitrite, biological oxygen 
demand, dissolved oxygen and conductivity. The influence on 
rainy season and agricultural activity in the catchment area 
of Nitwala was clearly • demonstrated. The need for 
systematic monitoring and waste water treatment of waters of 
tropical rivers is evident, in particular where impact from 
industrial agricultural projects are to be expected. 
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Adachi and Kobayashi (1988) determined the ionic and 
anionic surfactants in water by colorimetry, gas 
chromatography, infra red spectrometry and atomic absorption 
spectrophotometry. In 1984, the production of synthetic 
detergents and soap came upto 1300 thousand tons. Most 
detergents are discharged into public sewerage or public 
system. Anionic and nonionic surfactants are major compo-
nents of synthetic detergents. Determination of anionic and 
nonionic surfactants in environmental water is important in 
tracing possible pollution sources and protecting from water 
pollution by detergents. 
Physical and chemical characteristic of metal conta-
minated over bank deposit, west central South Dakota, 
U.S.A., was studied by Marren (1989). These metal deposits 
resulted from the disharge of large volumes of mine tailings 
into the river system between 1800's and 1977. The deposit 
along the Belle Fourche River is typically upto 2 m. thick 
and extends about 90 m. away from the channel along the 
insides of the meander levels. The sediments contain above 
background levels of Cu, Fe, Mn, Zn and particularly As, 
which is commonly two orders of magnitude above background 
level in the contaminated sediments. Carbonate minerals in 
the deposit limits the desorption of As by preventing acid 
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formation. Arsenic concentrations provide a measure of the 
dilution of mine tailings by uncontaminated sedimer.t. 
METAL POLLUTION 
Reddy (1979) studied the sediments transported from 
the Genesse river watershed to lake Ontaria. The netal 
concentrations in jdg were as follows: Al, 6660 j^  2620; Cr, 
14 + 9; Co, 18 + 1, Fe, 15060 + 7312; Mn, 424 + 212; Ni, 23 
+ 13; Pb, 67 + 40 and Zn, 69 + 37. 
Rao et. al. (1979) have analysed water sar.ples from 
Kulu river for their heavy metal contents (Zn, Cu, Fe, Pb 
and Hg). Kulu river water received industrial effluents and 
its water was utilized for cultivation. Sediments, soils and 
plants on the river bank showed fairly high conter.-s of Hg, 
Pb, Cd and Cu. 
Jackson (1979) studied the sources of heavy ir.etal 
contamination in a river-lake system. Sediments of the 
Wabiogoon River, Ontario was polluted with Hg from the 
industrial source at Dryden. Down-stream from Dryden the 
river flows first through Clay lake and then through Ball 
lake. Hg, Cu Zn, Cd and Fe concentrations in the sediments 
of both lakes correlated with organic carbon but Hr content/ 
unit concentration of organic carbon was higher and 
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increased more steeply with organic carbon in Clay lake than 
in Ball lake. Cu, Zn, Cd and Fe concentrations/unit 
concentration of organic carbon were similar in bc-h lakes. 
Seiki et. al. (1979) determined the particulate 
metals in water of River Sakuragawa and lake Kasumigaura 
using particle induced X-ray emission. The heavy metal 
particulates for environmental standard were < 0.0J1 ppm for 
Cd, 0.00037 ppm for Cr and 0.00078 ppm both for He and Pb in 
the river water. The predominant metal particles in the 
waters were Fe, Mn and Zn. 
Distribution of heavy metals viz., Co, Cr, Ni, Zn, 
Col, Pb and Hg in the superficial marine sedimer.rs in the 
vicinity of the Rhone mouths was studied by ?alma and 
Mallorca (1979). Distribution contour maps of various 
metals found in the superficial sediments were supplied and 
showed some similarities between the metals. One group of 
metals consist of Co, Cr and Ni whereas anotr.er group 
consists of Zn, Cd and Pb. The highest concentration of 
metals were found mainly near the mouth of Rhcr.e river, 
except for Hg which was also concentrated in the Gulf of 
Fos. The maximum values found rangeda as follows: 31-45 ppm 
Pb; l-14a ppm Co; 13-32 ppm Ni; 70-160 ppm Zn; 18-50 ppm Cu; 
0.14-1.5 ppm Cd; and 0.08-1.93a ppm Hg. 
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Pfeiffer (1980) studied the fate of chromium in 
water, bottom sediments and suspended particles in a 
tributary of the Iraja River, Rioide Janeiro, where an 
electroplating industry discharges its untreated effluents 
into it. Analyzed industrial effluent samples showed that 
537 ky. of total Cr were released monthly, mainly in the 
hexavalent form. Total Cr concentrations in water, bottom 
sediments and suspended particles ranged between C.14 and 80 
ppm, 1,420 and 54,300 ppm and 2,210 and 61,070 per. respect-
ively. Adsorption experiments were carried out. in the 
laboratory with water and suspended particles frc.-i the area 
studied, using Cr, A fast removal of total Cr from water 
and a high uptake by suspended particles were observed. 
Teherani (1980) studied the sediments of back water 
of river Dran, Austria, for their heavy metal contents by 
N.A.A. (Zn, Mn and As) and by A.A.S. (Hg, Cc, Pb) the 
concentration of these metals ranged as follows: Zr.; 15 7.2 -
7,424.2 ppm; Mn, 230 - 527.5 ppm; As, 6-96 ppm; Hg, 0.05-
0.35 ppm; Cd, 1-21 ppm; and Pb 69-1, 180.5 ppm. Compared 
with tolerance limits in the literature, Zn concer.-ration at 
2 points along the river and Pb in the areas of 2 reservoirs 
were at critical level. 
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Acute toxicity of four heavy metals to benthic fish 
food organism from the River Khan, Ujjain, was investigated 
by Qureshi (1980). The acute toxicity of Hg, Zn, Cd and Pb 
to 2 benthic invertebrates-Tubifex tubifex and 4th instar 
larvae of chironomus species from the River Khan were 
determined by static bioassay experiments. Although both 
tubifex and chironomus larvae were found resistant to Hg, 
Zn, Cd and Pb, chironomus larvae was comparatively less 
tolerant than T. tubifex. However, when the individual 
toxicity of heavy metal was considered, it followed the 
order: Hg, Zn, Cd, Pb. 
Cadmium in an Aquatic Ecosystem was studied by Hazen 
(1981). Discharge of Cd into Foundary cove on the Hudson 
River from 1953-1970 accompanied the production of nickel 
cadmium batteries at a nearby plant in Cold Spring, New 
York. The sediments surrounding th-e point of discharge was 
heavily contaminated. The purpose of this study was to 
investigate the physical distribution and biological 
availability of the Cd in Foundary cove. The major portion 
of cadmium contamination at Foundary cove was incorporated 
in the sediments with very limited availability to the water 
column. Nevertheless, significant elevations in Cd concen-
trations were found in plants and animals in the cove. 
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Chigbo et. al. (1982) studied the uptake cf As, Cd, 
Pb and Hg from polluted water by water hyacinth Eichornia 
crassipes). E. crassipes was used as a pollution r.onitor for 
the simultaneous accummulation of As, Cd, Pb and Hg. After 
cultivation of the plants for 2 days in tanks containing 
10 ppm of each of the metal in aqeous solution, zhe plants 
were harvested and rinsed with tap water. The leaves and 
stems were separated and analysed for each of t.-.e metals. 
The ratio of the concentrations of As and Hg in -he leaves 
to concentration in the stem was 2:1. Cd and Pb showed a 
concentration ratio in leaves to stem of 1:1. As content was 
the lowest in the leaves. 0.34 mgg while Cd content was 
the highest in the leaves, 0.57 mgg of driedplant 
material. Control plant were grown in unpolluted water. 
Plants grown in Bay St. Louise, Mississippi sewage lagoon 
were also analysed. The Hg concentration of leaves of the 
plants grown in sewage lagoon were significantly different 
from the control sample which had a concentration cf 0.6 7 mg 
g of driedplant material. 
Determination of some toxic trace metals viz.. As, 
Cd, Hg, Mn, Mo, Ni, Sb, Se in two Nigerian river ar.d harbour 
water samples by neutron activation analysis was done by 
Nidokwere and Guinn (1983). The concentration of these 
elements in some water samples were relatively h:.gh which 
was attributed to local pollution. 
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Abundance of Au, Pt, Pd and mode of heavy r.etal 
fixation in highly polluted sediments from the Rhine River 
Mainz, West Germany was reported by Dissanayake, et al. 
(1984). The Au, Pt and Pb contents of- the sediments was 
analysed by Flameless Atomic Absorption Spectrophotometry. 
These noble metals ranged from 96-460 ppb Au, 734 ppb - 31 
ppm Pt and 32 ppb - 4 ppm Pb. The extremly high concentra-
tions, particularly of Pt and Pb were attributed to their 
use in industries and were due to the formation ar.d concen-
tration of metal-organic complexes, mainly at the interface 
between an extremely reducing and an oxidising aquatic 
environment. Differential thermal analysis of the polluted 
sediments in comparison to the pure humic acid and Fe-humate 
complex showed that humic and fulvic acid were of great 
importance in the transport of heavy metals ir. polluted 
stream sediments. 
Behaviour of Cd and Zn in water sediments and suspended 
matter during estaurine mining in River Elbe was investi-
gated by Ahlf (1983). Attempts were made to determine the 
distribution of Cd and Zn in the estuary of the river Elbe. 
The concentration of cadmium increased in the dissolved 
phase of the water samples whereas Zn decreased. The amounts 
of cadmium in suspended matter and sediments decreased 
simultaneously to a greater extent than those of Zn. These 
processes seemed to be a function of cadmium in the estuary. 
32 
A survey of metals in heterotrophic slimes in Irish 
rivers was carried out by Gray and Clarke (1984). Metals 
were readily accumulated in the heterotrophic slimes 
resulting in maximum concentrations of: Zn 851, Pb 605, Cu 
192, Cr 97.2, Ni 52.0 and Cd 2.4 ug g"""" from effluents 
containing low concentration of metals. As heterotrophic 
organisms from the base of aquatic food chains, it is 
possible that accumulated metals could enter the food web 
via invertebrate grazers and browsers feeding on the slime. 
Vos (1985) determined the dissolved hexavalent 
chromium in river water, sea water and waste v;ater. Cr. (VI) 
was quantitatively co-precipitated with lead sulfate from 
weakly acidic (pH 3.5) sample solutions and was analysed by 
graphite furnace A.A.S. at 357.9 nm. The detection limit of 
the method was 0.3 ug/1 at a 95% confidence level. The 
sulfate interference was reduced, but not eliminated in 
presence of high chloride concentration, while CI inter-
ference was eliminated in presence of a sufficient sulfate 
concentration in the original sample. Cr(IV) was recovered 
quantitatively from river water and effluent samples, but 
its recovery from sea water was incomplete (83%) due to 
interferences by sulfate during the co-precipitation' 
procedure. 
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Distribution of heavy metals in plants and fish of 
the Yamuna River (India)/ was studied by Ajmal et. al. 
(1985). The results have shown wide variations in the heavy 
metal levels from one sampling station to another. The 
concentration of Cd, Co, Cr, Cu, Fe, Ni, Mn, Pb and Zn in 
the plants (Eicchronia Crassipes) were found to be 0.02 -
0.12, 2.7 - 21.3, 4.6 - 64.8, 9.8 - 114.0, 193.0 - 1835.0, 
38.0 - 1443.0, 4.4 - 83.0. 4.8 - 30.2 and 22.1 - 356.5 ug 
g~ respectively whereas in the fish (Heteropneustes 
fossils) were found to be ND - 0.40, 2.3 - 13.7, 3.7 -
26.9, 8.33 - 58.1, 278.3 - 1108.0, 81.3 - 213.8; 2.8 - 32.7, 
1.4 - 12.8 and 101.8 - 364 jag g respectively on dry weight 
basis. 
Huang (1986) studied the distribution of Arsenic in 
the Yellow River, China. Data collected since 1973 showed 
high levels of arsenic in the river largely due to natural 
sources. Average and peak concentrations and the down 
stream distribution of arsenic suggested the most likely 
source as loess which provides 90% of the river suspended 
load. Arsenic was strongly absorbed by the silt and clay and 
deposited in reservoirs and delta sediments of the river 
but most of it was carried away to the sea. 
The distribution of heavy metals (Hg, Pb, Cd, Cr & 
Cu) in sediments at the mouth of Besos and Llobregat Rivers 
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was studied by Modainitiio (1986). At Besos mouth, he observed 
large gradient of pollutant levels. In front of Llobregat 
River, the metal distribution was influenced by 
contributions of the Barcelona harbour and the zona franea 
collecting v/ater system. 
Kudo et al. (1987) determined the flouride concentra-
tion in water, sediments and plants and its transport along 
five rivers in the French Alps where aluminiur. factories 
have been discharging flouride into the surrounding environ-
ment since the end of last century. Despite a wide range of 
biological and constructional damages caused by flouride 
contamination in the past, there was no alarmin^ level of 
flouride found in the water, sediments or plants. Flouride 
concentration in water ranged from 0.11 ppm (considered to 
be natural background level) to 0.62 ppm (moderate 
concentration). The highest flouride concentration was 360 
ppm in sediments and 207 ppm in plants. The increase of 
flouride concentration along the rivers was gradual from 
upstream to down-stream. This gradual increase suggested 
that the flouride pathway was from factory to stock to 
air to the entire valley and finally to the river. 
Snehata et al. (1988) studied the toxic effect of 
cyanide on selected Nile water algae and cyanobacteria 
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species. The scendesnius growth rate decreased as the CN' 
concentration increased; however, cyanide did not effect the 
growth of Analhaena. There was a clear change in dominance 
and diversity of phytoplankton but cyanobacteria were found 
to be the most tolerant group. Algal and cyanobacteria 
could completely remove CN' from the media. Statistical 
analysis showed a highly significant relationship between 
CN' concentration and algal growth. 
Total atmospheric deposition of lead, cadmium, copper 
and zinc in South Bohemia and their mass balance in the 
Vitana and Luznice basins was studied by Strand et al. 
(1989). Their concentration in precipitation were of the 
order of 10 kg/1 for Cd; 10 kg/1 for Pb and Cu; and 10 ug/1 
for Zn. Their total monthly deposition in kg/sq. km., was 
0.12 - 0.70 for Pb, 0.01 - 0.06 for Cd, 0.12 - 0.88 for Cu 
and 0.17 - 4.71 for Zn. An approximate mass balance of the 
micro elements was set up for the upper Vltava and Luznice 
river basins. The result as well as pre-requisite for 
investigations of the flow of micro elements within a region 
of interest were also discussed. 
CHAPTER - III 
MATERIALS AND METHODS 
RIVER SYSTEM: 
The major and most important rivers flowing through 
the area are Ganga, Yamuna, Hindon and Kali Nadi and their 
tributaries. All the rivers flow with the general north-
south trend. River Hindon originates from the hilly areas 
of Dehradun in Uttar Pradesh and passes through Saharanpur, 
Meerut, Muzaffarnagar, Ghaziabad and Bulandshahr districts 
to merge into Yamuna river at Ballabhgarh in Haryana. The 
river remains dry in summer as well as in winter from 
Dehradun to Saharanpur. It receives the effluent from Star 
Paper Mills and domestic sewage of Saharanpur city. Some 
industrial and sewage wastes are poured into it when it 
passes through the district Ghaziabad. 
In the study area there are many large and small 
scale industries located along the fringe of Hindon River 
Basin namely the districts Saharanpur, Muzaffarnagar, 
Meerut, Ghaziabad and Bulandshahar. The waste water of some 
of the industries are constantly discharged in the Hindon 
river. Beside there are other small rivers like Kali Nadi, 
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Krishni/ etc. which also receive the wastes discharge from 
the various sources. 
In order to know the intensity of various pollutants 
in various parts of the districts, the systematic collection 
of water collected from upstream and down strear of the 
river has been carried out. 
The systematic study of chemical nature of surface 
and sub-surface water from all these five districts of 
Hindon river basin has been made with a view to find out the 
extent of various anions and cations (Na, K, Mg, Ca, CI). 
Detection and determination of trace elements narely (Cu, 
Cd, Zn, Ni, Cr, Mn, Pb etc.) in these water bodies has also 
been made. 
COLLECTION OF WATER SAMPLES: 
The sample of surface water should be collected near 
the centre of flow. The sample should be depth integrated 
by lowering and raising the bottle vertically at a uniform 
rate from water surface to bottom taking care no-: to get 
excessive amounts of bed materials in the sample. Samples 
should not be collected from ponded or sluggish water or 
coves near the bank. 
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The factors that are pertinent in selecting 
containers used to collect and store water samples are 
resistance to solution and breakage, efficiency of closure, 
size, shape, availability and cost. Hard, rubber, 
polyethylene and plastic and some types of borosilicate 
glass are believed to be suitable. Before use, all these 
bottles should be thoroughly cleaned with water allowed to 
soak several days. The soaking removes much of water-
soluble material from the container surface. 
Separate samples must be collected for chemical and 
biological analysis since the sampling and preservation 
techniques are quite different. For accurate analysis, it 
is desirable to allow a short time interval between sampling 
and analysis. As a matter of fact, temperature, pH, and 
dissolved gases (D.O.) must be determined in the field and 
as quickly as possible after sampling. It is essential to 
keep records of the location, time and conditions of sample 
collection. 
The different states of metal in water may be defined 
from sample treatment following collection. The water 
samples for the various investigations were carried out from 
both surface and ground water sources in the vicinity of 
Hindon River Basin according to standard methods, 1971. The 
water samples were collected in Polyethylene bottles from 
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the various stations of upstream and down stream of the 
river. The chemical analysis for the determination of pH, 
Ec, colour, turrbidity, temperature was done on the site 
with the help of Potable water analysis kit. Whereas the 
other chemical parameters liXe SO.-, P0.3-, CI , alkalinity, 
hardness were analysed in the laboratory. Heavy metals were 
analysed using AAS, GBe Model (Standard Methods, 1975). A 
sample to be analysed for dissolved metals is filtered 
through a 0.45 um membrane filter as soon as possible after 
collection. The first lot of the filtrate is used to rinse 
the container and sufficient amount is than collected for 
analysis. The solution collected for analysis is acidified 
to pH 2 or 3 to ensure storage for sometime before 
analysis. The addition of acid prevents hydrolysis and 
precipitation. 
For analysis of suspended solid for metals, the solid 
is collected from 100 ml of well-mixed sample on a 0.45 lim 
membrane filter. After filtration, the membrane filter is 
transferred to a beaker and digested in hot cone. HNO^. The 
sample is diluted to a fixed volume and than analysed by 
AAS. 
The treatment of extractable is done as follow:-
At the time of collection, the water sample is 
acidified with cone. HNO^ (50 ml/1). Before analysis the 
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sample is well mixed and 100 ml aliquot is taken in a beaker 
or flask. 5 ml of redistilled HCl is added. The sample is 
heated to near boiling for 15 minutes and than filtered. 
The volume of the filtrate is made up to 100 ml with 
distilled water and subsequently analysed by AAS. 
PRESERVATION: 
It is essential to protect water samples from 
changes in composition and deterioration with aging due to 
various interactions. The optimum sample holding times 
range from zero for parameters such as pH, temperature and 
D.O., to one week for metals. The preservation techniques 
for various parameters are shown in Table-1. It is 
desirable, for accurate results, that analysis must be 
undertaken within 4 hours for some parameters and 24 hours 
for others, from the time of collection, and it must be 
concluded within a week. 
The bottles (glass/polythene) for sample collection 
should be thoroughly cleaned by rinsing with 8M HNOo 
followed by repeated working with deionized distilled water. 
They should be rinsed thrice with the sample water before 
collection. 
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Table - 1. Water Sample Preservation. 
Parameter Preservatxve Maximum 
holding period 
Acidity-alkalinity 
BOD 
Calcium 
COD 
Chloride 
Colour 
Cyanide 
Do 
Flouride 
Hardness 
Metal, total 
Metal dissolved 
PH 
Solids 
Specific conductance 
Sulphate 
Sulphide 
Threshold odour 
Turbidity 
Refrigeration at 4''C 
Refrigeration at 4°C 
None required 
2 ml H2S0^/litre 
None required 
Refrigeration at 4°C 
Add NaOH to pH 12 
Determine on site 
None required 
None required 
5 ml HNO3/I 
Filtrate: 3 ml : 1 HNO^/l 
Determine on site 
None available 
Non-required 
Refrigeration at 4^0 
Add 1 ml of 2NZn(CH2C00), 
and 2 ml of iMNaOH, stir 
and refrigerate 
Refrigeration at 4"C 
None available 
24 hours 
6 hours 
7 days 
7 days 
7 days 
24 hours 
24 hours 
No holding 
7 days 
7 days 
6 months 
6 months 
No holding 
7 days 
7 days 
7 days 
7 days 
24 hours 
7 days 
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INSTRUMENTAL TECHNIQUES FOR DETECTION 
AND DETERMINATION OF ELEMENTS 
(i) pH DETERMINATION OF WATER: 
pH is measured by a pH meter using a glass electrode. 
A coloured or Ag/AgCl/KCl reference electrode is usually 
located around the glass electrode stem for sample 
operation. 
Reagents: Two standard buffer solutions of pH 4.0 
and 9.2. 
(ii) SPECIFIC CONDUCTANCE: 
A simple conductivity meter with dip-type cell is 
used for this purpose. 
Reagents: 0.005 M KCl solution. 
(ill) VOLUMETRIC METHOD: 
This method unlike gravimetric methods which are 
mainly confined to precipitation reactions are applicable to 
almost every type of chemical reactions. For example, 
precipitation reactions, neutralizations, complexion 
formation and oxidation and reduction reactions. The 
sensitivity of volumetric method is increased by the use 
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of more dilute standard solutions (e.g. N/40, N/80, N/100, 
N/1000). 
(iv) FLAME PHOTOMETRY: 
In this technique the sample solution is atomized, 
sprayed into a special design burner, and the intensity of 
the light emitted by a particular spectral line is measured 
with the aid of suitable light filter, a photo-electric cell 
and a galvanometer. 
Sodium and potassium elements are determined by this 
method, because this method is particularly useful and rapid 
one for traces of sodium and potassium. 
(v) ATOMIC ABSORPTION SPECTROPHOTOMETRY: 
This method is almost similar to flame emission 
photometry in that a sample is atomized and aspirated into a 
flame. Flame photometry, however, measure the amount of 
light emitted whereas in Atomic Absorption a light beam is 
directed through the flame into a monochromator, and on to a 
detector that measures the amount of light absorbed since 
the wave length of the light beam is characteristic of only 
the metal being determined the light energy absorbed by 
flame is a measure of the concentration of the metal in the 
sample. This principle is the basis of . atomic absorption 
spectroscopy. 
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(vi) DETERMINATION OF TOTAL HARDNESS (Ca "*" and Mg "'') : 
The hardness of water is not a pollution parameter 
2+ but indicates water quality, mainly in terms of Ca and 
2+ Mg expressed as CaCO-.. The analysis is done by complexo-
metric titration. 
BY EDTA TITRATIONt 
2+ 2-
Ca first reacts to form relatively stable Ca Y 
2+ 2-
followed by Mg to give Mg Y complex which is less 
stable. 
Reactxons; 
2+ 2-Ca^ + H2 Y^ Ca Y^ + 2 H"*" 
2+ 2-
Mg^ + H2 ^ Mg Y^ + 2H^ 
Mg - D (red) + H2 Y 2- Mg Y^~ + HD (blue) + H"^  
Indicator: Erichrome Black T 
Buffer Solution: 
Add 57 ml of NH3 solution to 6.75 gms of ammonium 
chloride and dilute to 100 ml of distilled water. 
End Point: 
The colour changes from wine red to blue in case of 
2+ 2+ 
Mg and for Ca , the colour changes from pink to blue. 
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Procedure: 
The procedure for the estimation of hardness is as 
follows:-
(a) Pipette a volume of sample into a 150 ml beaker and 
adjust the volume to approximately 50 ml. 
(b) Add 2 ml Erichrome Black T indicator in the solution. 
(c) Titrate with EDTA, until blue or purple swirl begin to 
show. The end point is reached when all traces of red 
and purple colour have disappeared and the solution is 
clear blue. 
0.1 X I3 X 10"^^ 
Calculation : 
X2 X 50 
whereas I-, is volume consumed and X- is equal to 9.8. 
(vii) DETERMINATION OF SODIUM AND POTASSIUM: 
Flame photometry has been used for this purpose. 
Here the sample water is atomised, spread into a special 
designed burner and intensity of light emitted by a 
particular spectral line is measured with the aid of a 
suitable light filter. Sodium filter in the case of 
determining sodium and potassium filter in the case for 
determination of potassium. 
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DETERMINATION OF TRACE ELEMENTS BY ATOMIC ABSORPTION 
SPECTROPHOTOMETER: 
General Procedure for the analysis of metals: 
A proper hollow cathode lamp should be choosed for 
the analysis. The lamp should be allowed to warm up for a 
minimum of 15 minutes. During this period align the 
instrument, position the monochromator at the correct wave 
length, select the proper monochromator slit width and 
adjust the hollow cathode current. Subsequently, light the 
flame and regulate the flow of fuel and oxidant, adjust the 
burner and nebulizer flow rate for maximum per cent absorp-
tion and stability, and balance the photometer. Run a 
series of standards of the elements under analysis. Set the 
curve corrector to read out the proper concentration. For 
best results run standards each time a sample or series of 
samples are run. 
sample absorbance x cone, of standard 
Calculation : g/ml = — — 
standard absorbance 
COPPER: 
Optimum concentration Range: 0.2 - 10 mg/1 using a wave 
length of 324.7 n.m. 
Sensitivity: 0.1 mg/1. 
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Detection limit: 0.01 mg/1. 
Preparation of standard solution. 
1. Stock Solution: Carefully, weighed 1.00 mg of electrolyte 
copper (analytical reagent grade). Dissolved in 5 ml 
redistilled HNO ^  and made upto 1 litre in the dionized 
distilled water. Final concentration is 1 mg Cu per ml 
(1000 mg/1). 
2. Prepared solution of the stock solution to be used as 
calibration standard at the time of analysis. 
Instrumental Parameter (General):-
1. Copper hollow cathode lamp. 
2. Wave length - 324.7 n.m. 
3. Fuel-Acetylene. 
4. Oxident-Air. 
5. Type of Flame-oxidizing. 
LEAD: 
Optimum Concentration: 1-20 mg/1 using a wave length of 
283.3 n.m. 
Sensitivity: 0.5 mg/1. 
Detection Limit: 0.04 mg/1. 
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Preparation of Standard Solution: 
1. Stock Solution: Carefully weighed 1.599 gm of lead 
nitrate [Pb(N02)2] (Analytical reagent grades), and 
dissolved in deionized distilled waterr. When solution was 
completely acidified with 10 ml redistilled HNO^ and diluted 
to 1 litre with deionized distilled water 1 ml = 1 mg Pb 
(1000 mg/1). 
2. Prepared dilutions of the stock solution to be used as 
standard at the time of analysis. The standards were 
prepared using the same type of acid (HCl) and at the same 
concentration as the samples for analysis. 
Instrumental Parameters (General):-
1. Lead hollow cathode lamp. 
2. Wave length : 283.3 n.m. 
3. Fuel Acetylene. 
4. Oxident Air. 
5. Type of flame: slightly oxidizing. 
MANGANESE: 
Optimum Concentration Range: 0.5 to 10 mg/1 using a wave 
length of 279.5 n.m. 
Sensitivity: 0.05 mg/1. 
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Detection Limit: 0.01 mg/1. 
Preparation of Standard Solution: 
1. Stock Solution: Carefully weighed 1.000 g of manganese 
metal (analytical reagent grade) and dissolved in 10 ml 
redistilled HNO^• When solution complete, dilute to 1 litre 
with 1% (V|V) HCl. 
1 ml = 1 mg Mn (1000 mg/1). 
2. Pepared dilutions of the stock solutions to be used as 
standards at the time of analysis. 
Instrumental Parameters (General):-
1. Manganese hollow cathode lamp. 
2. Wave length - 279.8 n.m. 
3. Fuel - Acetylene. 
4. Oxident - Air. 
5. Type of flame : Oxidizing. 
ZINC: 
Optimum Concentration Range: 0.05 - 2 mg/1 using a wave 
length of 213.9 n.m. 
Sensitivity: 0.02 mg/1. 
Detection Limit: 0.005 mg/lit. 
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Peparation of Standard solution: 
1. Stock solution: Carefully weighed 1.00 mg of zinc metal 
(analytical reagent grade) and dissolved cautiously in 10 ml 
HNO^. When solution was complete, made up to 1 litre with 
dionized distilled water. 1 ml = 1 mg Zn (1000 mg/1). 
2. Prepared dilution of the stock solutions to be used as 
standards at the time of analysis. 
Instrumental Parameters:-
1. Zinc hollow cathode lamp. 
2. Wave length : 213.9 n.m. 
3. Fuel - Acetylene. 
4. Oxidant - Air. 
5. Type of flame : Oxidizing. 
IRON: 
Optimum Concentration Range: 2.9 mg/1 using a wave length of 
248.3 n.m. 
Sensitivity: 0.05 mg/1. 
Detection Limit: 0.01 mg/1. 
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Preparation of Standard Solution: 
1. Stock Solution: Dissolve 1.000 g of iron in 20 ml of 5 N 
hydrochloric acid and 5 ml of 6 N nitric acid and diluted to 
one litre. 
2. Then the prepared stock solution to be used as standards 
at the time of analysis. 
Instrumental Parameters:-
1. Iron hollow cathode lamp. 
2. Wave length - 248.3 n.m. 
3. Fuel - Acetylene. 
4. Oxidant - Air. 
5. Type of flame - Oxidizing. 
COBALT: 
Optimum Concentration Range: 2.5 to 9 mg/1 using a wave 
length of 240.7 n.m. 
Sensitivity: 0.05 mg/1. 
Detection Limit: 0.01 mg/1. 
Preparation of Standard Solution: 
1. Stock Solution: Weighed 1.000 g of cobalt (99.39%) in 
minimum of 6N nitric acid and dilute to 1 litre. 
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2. Prepared dilution of the stock solution to be used as 
standards at the time of analysis. 
Instrumental Parameters:-
1. Cobalt hollow cathode lamp. 
2. Wave length : 240.7 n.m. 
3. Fuel - Acetylene. 
4. Oxidant - Air. 
5. Type of flame - Oxidizing. 
NICKEL: 
Optimmn Concentration Range: 1.8 - 8 mg/1 using a wave 
length of 232 n.m. 
Sensitivity: 0.04 mg/1. 
Detection Limit: 0.01 mg/1. 
Preparation of Standard Solutions: 
1. Stock Solution: Carefully weighed 1.000 g nickel ,99.9 9%) 
metal in 50 ml of 6 N nitric acid and dilute to 1 litre 
(1000 mg/1 Ni). 
2. Prepared dilutions of the stock solution to be ased as 
standards at the time of analysis. 
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Instrumental Parameters:-
1. Nickel hollow cathode lamp. 
2. Wave length - 232 n.m. 
3. Fuel - Acetylene. 
4. Oxidant - Air. 
5. Type of flame - Oxidizing. 
CADMIUM: 
Optimum Concentration Range: 0.2 - 1.8 mg/1 using a wave 
length of 228.8 n.m. 
Sensitivity: 0.009 mg/1. 
Detection Limit: 0.001 mg/1. 
Preparation of Standard Solution: 
1. Stock Solution: Carefully weighed 1.000 g of cadmium 
metal (analytical reagent grade) and dissolved in 20 ml of 
5 N hydrochloric acid containing 0.5 ml of cone. Nitric acid 
and dilute to 1 litre. 
2. Prepared dilution of the stock solution to be used as 
standard at the time of analysis. 
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Instrumental Parameter:-
1. Cadmium hollow cathode lamp. 
2. Wave length - 228.8 n.m. 
3. Fuel - Acetylene. 
4. Oxidant - Air. 
5. Type of Flame - Oxidizing. 
CHROMIUM: 
Optimum Concentration Range: 2.15 mg/1 using a wave length 
of 357.9 n.n. 
Sensitivity: 0.05 mg/1. 
Detection Limit: 0.01 mg/1. 
Preparation of standard solution: 
1. Saatock Solution: Weighed 1.000 g of chromium metal 
(99.99%) m 50 ml of concentrated hydrochloric acid and 
dilute to 1 litre (1000 mg/1 Cr). 
2. Prepared dilution of the stock solution to be used as 
standards as the time of analysis. 
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Instrumental Parameters:-
1. Chromium hollow cathode tube. 
2. Wave length - 357.9 n.m. 
3. Fuel - Acetylene. 
4. Oxidant - Air. 
5. Type of flame - Highly reducing. 
CHAPTER IV 
LITHOSTRATIGRAPHY AND WATER POLLUTION STATUS OF THE BASIN 
PHYSIOGRAPHY 
Physiographically the area is generally flat except 
Siwalik hills in the north and north east. The area is 
monotonous expanse of Ganga-Alluvium with gently undulating 
topography. The average ground slope is 0.38/kin towards South 
and South east direction. The area is agriculturally very 
rich having a well developed canal system as well as ground 
water system. All the districts of the area are connected by 
Grand trunk road system. Besides this, small towns are 
connected by metal roads. As a whole the area is easily 
approachable. 
The major and most important rivers flowing through 
the area are the Ganga, Yamuna, Hindon, Kali and various 
tributaries. All the rivers flow with a trend from north to 
south and all are entering into the basin from nor-h. All 
these rivers flowing through the study area carry substan-
tial discharges during the monsoon period while during the 
non-monsoon period, they carry regenerated water fror. ground 
storage due to their effluent character. The rivers and 
canals are being unlined and recharge the ground water 
storage through seepage. 
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LITHOSTATIGRAPHY : 
The area is a part of vast Gangetic alluvial plain 
that lies between the peninsular and extra-peninsular region 
of India, which is regarded as a major unit in Geology of 
Indian subcontinent. 
It is mainly composed of Pleistocene and subrecent 
alluvium brought down by river action from the Himalayan 
region. In other words alluvium is made up of recent 
unconsolidated fluviatle formation comprising of sand, silt, 
clay and Kankar with occasional beds of gravel. Geologists 
believe that below the alluvial covering, there is an 
appreciable diversity in the constituent of rock formation. 
HYDROGEOLOGY OF THE AREA: 
Ground water occurs in large reserviors beneath the 
water table. It more or less saturates the earth materials 
through which it is moving and in which it is stored. 
Movement of Ground water is from areas of greater to areas 
of lesser hydraulic head. The prime moving force is gravity 
i.e. the weight of the water column but other features such 
as natural gas pressure, are known to contribute locally to 
hydrostatic head. But for the largest fraction of fresh 
water available for water in supply is stored in and 
transmitted through the ground water reservoirs. 
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Occurrence, movement and storage of ground water are 
influenced by the sequence, lithology, thickness and 
structure of rock formation. Movement and storage capacity 
is chiefly controlled by permeability and porosity of the 
host rocks. Taking into account the above features, Pathak 
1976 has divided the whole Uttar Pradesh into five hydro-
geological zones on the basis of physiography and hydrology 
as follow. 
Zone 
1. Himalayas 
2. Intermon-ane Doonvalley 
3. Alluvial tract 
Sub-zone 
1. Lesser and Central 
Himalayas 
2. Sub-Himalayas or Siwaliks 
1. Bhabhar. 
2. Tarai. 
3. Central Ganga Alluvial 
Plain. 
4. Marginal Alluvial Plain. 
WATER POLLUTION DUE TO EXISTING INDUSTRIES IN THE BASIN 
Indus-rialization of any country unavoidably creates 
environmental pollution problems. Water pollution normally 
manifests i-self with poisoning of aquatic life resulting 
in the reduction of the quantity and the quality of fish and 
other aquatic life. Heavy industrialization coupled with 
open sewage in the major rivers in most part of the 
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civilized world has resulted in degradation of water quality 
of these surface sources. 
In the study area there are many large and small 
scale industries located in the district of Saharanpur, 
Muzaffarnagar, Meerut, Ghaziabad and Bulandshahar. The wasre 
water of some of these industries are constantly discnarced 
in the Hindon River. Beside, there are small rivers like 
Kali nadi, Krishni etc. which also receive the waste 
discharge from the various sources. Many industries in the 
basin are situated within the vicinity of the river bur seme 
of them are situated far from the river. The industrial 
waste water which is beyond the reach of the river also 
discharge their effluents in ditches as well as in drains 
located near these industries. In both the cases the 
industrial effluents are discharged without giving a proper 
treatment in front or near the factories as well as public 
sewer and in rivers or in isolated ponds. 
The major sources of industrial pollution -n the 
study area in general could be grouped as follows: 
1. Dairy product. 
2. Canning and preservation of fruits and vegetables. 
3. Grain Mill Product. 
4. Sugar and Refining. 
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5. Hydrogenated oil. 
6. Cotton Textile industry. 
7. Chemical Industry. 
8. Nitrogen fertilizer industry. 
9. Electroplating. 
10. Non-metallic mineral product. 
11. Basic metal and Alloys. 
12. Rubber and plastic industry. 
Table (II) Industrial waste water parameters with 
significant pollution potential. 
S.No. UNITS PARAMETERS HAVING WATER 
POLLUTION POTENTIAL 
Paper and Pulp 
Petroleum refining 
Steel industry 
Organic chemical 
industry 
Inorganic chemical 
alkalies and 
chloine industry 
Plastic material and 
synthetic industry 
Phenols, sulfite, colour, heavy 
metals, nitrogen, phosphorus, 
total dissolved solvents. 
Chloride, colour, copper, 
cyanide. Iron, Lead, Zinc, 
mercaptants, nitrogen, phos-
phorus, turbidity, odour sulfite. 
Cyanide, Phenols, 
Chromium, Zinc. 
Iron, tin, 
Phosphorus, heavy metal, phenols, 
cyanide nitrogen. 
Chlorinated benzonoids in poly-
nuclear aromatic, phenols, 
chloride, phosphorus cyanide, 
Mercury, Copper, Lead, Titanium, 
Iron, Aluminium, Boron, Arsenic. 
Phosphorus, Nitrate, Organic 
Nitrogen, Chlorinated benzonoids 
and polynuclear aromatics, 
Ammonia, Cyanide, Zinc, 
mercaptants. 
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7. Nitrogen fertilizer Sulphate, Organic Nitrogen 
industry Compounds, Zinc, Calcium, 
Chemical Oxygen demands, Iron, 
pH, Phosphate. 
8. Phosphate fertilizer Acidity, Aluminium, Arsenic, 
Industry. Iron, Mercury, Nitrogen, 
Sulphate, Uranium, Flouride, 
Cadmium. 
9. Electroplating Cyanide, Chromium, Nickel, 
Copper, Cadmium, Iron. 
SURVEY OF INDUSTRIAL UNIT IN THE BASIN: 
The term industrialization is used to designate the 
growth of manufacturing industry. It is thus part of much 
broader process of economic development which involves the 
raising of standard of living through a steady increase in 
the efficiency of factors of production. India is a 
developing country, hence economic development here must 
basically mean raising the productivity of agriculture 
workers. 
A survey of the industrial unit as to actual activity 
in which they are engaged revealed that there are many 
industrial unit which are producing the liquid waste and 
thereby become relevant industry for water pollution 
control. Following is the list of heavy industries in 
various units. 
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Table (III) Heavy Industries in the various units of Basin 
UNITS PRODUCTS AND CAPACITY 
I- Dairy Products 
i. Indian Milk Products Ltd- Condensed Milk, Cream and 
Budhana Road, Ghee, 
Muzaffarnagar. 
ii. Fore most Dairies Ltd. Ghee, Milk and Pas-urized 
Dehradun Road, butter. 
Kailashpur, Saharanpur. 
II. Canning and Preservation of Fruits and Vegetables: 
i. Hindustan Lever Ltd., Onions, vegetables, soup and 
G.T. Road, Ghaziabad. vads. 
ii. Mohan Meakin Canned fruit, Juice, Nectars, 
Breweries Ltd. Vegetables, etc. 3000 tons 
Mohannagar, Ghaziabad. per year, 
iii. Tata Oil Mills Co. Ltd., Jams and Jelleys. 
Loni Road, Ghaziabad. 
III. Grain Mill Products (Flour, Dal and Rice Milling) 
i, Krishna Flour Mills, Wheat Products. 
Railway Road, Meerut City, 
Meerut. 
ii. Hari Kishan Das steam Wheat Products. 
Roller Flour Mills, Khalasi 
Lane, Saharanpur. 
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UNITS PRODUCTS AND CAPACITY 
IV. Bakery 
i. Unichom Laboratory, 10, Biscuits, 1000 tons/yr. 
Anand Indl. Estate, 
Ghaziabad. 
V. Sugar and Refining of Sugar 
i. Daurala Sugar Works, Sugar, 2100 tons, cane 
Daurala Meerut, Grain Crushing/day 
Sugar Works 
ii. Jaswant Sugar Mills Ltd., Sugar 1219 tons, cane 
Baghpat Road, Meerut. Crushing per day. 
iii. Modi Sugar Mills, Sugar, 1050 tons cane 
Modi Nagar, Ghaziabad. crushing per day. 
iv. U.P. State Sugar Sugar 
Co-operative Ltd., 
Sakoti Tande, Meerut. 
V. Upper Doad Sugar Mills Ltd. Sugar 3810 tons cane 
Shamli, Muzaffarnagar. crushing per day. 
vi. Gangeshwar Sugar Corpn., Sugar - 3000 tons cane sugar 
Deoband, Saharanpur. crushing/per day. 
vii. Lord Krishna Sugar Mills, Sugar - 1322 tons cane 
Saharanpur. crushing per day. 
VI. Hydrogenated Oil 
i. Aiiirit Vanaspati Co. Ltd., Hydrogenated Oil, 100 tons 
Amrit nagar, Ghaziabad. per day. 
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UNITS PRODUCTS AND CAPACITY 
ii. Badal Vanaspati Mills, 13.5 tons/day Hydogenated Oil 
Meerut. 
iii. Hindustan Lever Ltd., Hydrogenated Oil 21822 tons 
G.T. Road, Meerut. per year. 
iv. Modi Vanaspati Mfg. Co./ Hydrogenated Oil 120 tons 
Modi Nagar, Ghaziabad. per day. 
VII. Manufacture of Cotton Textile 
i. Hindon River Mills, Cotton Cloth, Yarn 25040 
Delhi-Hapur Road, Ghaziabad. spindles, 
ii. Lord Krishna Textile Cotton, Yarn 44504 spindles. 
Mills, Nakur, Saharanpur. 
VIII. Manufacture of Paper and Paper Products Printing 
Publishing And Allied Industries 
i. Chemo Pulp Tissue, Paper 
Ghaziabad. 
ii. Swatantra Bharat Mills, High glass cast, coated 
Pilkhani, Meerut. papers, 1500 tons, 
iii. Star Paper Mills, Ltd., 45200 tons. 
Seth Baldeo Das, 
Bijoria Road, Saharanpur. 
IX. Plastic And P.V.C. Foot-Wears 
i. Foreign exporters and P.V.C. Foot-wears 
Manufacturers, Mohan Nagar, 
Ghaziabad. 
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UNITS PRODUCTS AND CAPACITY 
X. Manufacture of Chemicals And Chemical Products Chemicals 
i. Commercial gases, 
16, Jainganj, Meerut. 
ii. Hindustan Oxygen and 
Acetyline Chikabarpur, 
Ghaziabad. 
iii. Modigas and chemicals, 
Modinagar, Ghaziabad. 
Phynalitic Acid. 
Oxygen gas, 36000 Cu M/day, 
Stearic acid, 900 tons/year 
Glycerine 150 tons/year. 
XI. Manufacture of Non-Metallic Mineral Products, Fire, 
Bricks, Refractories, Tiles 
i. Muzaffarnagar Refractories Standard Bricks, B.P. Sets, 
(P) Ltd., 11, Civil Lines, High Aluminal Bricks, 
Muzaffarnagar. 3750 tons/year. 
XII. Manufacture of Basic Metal Alloys Industries Iron and 
Steel and Special Sheets. 
i. Dwarka Nath Steel. C.R. high carbon, and 
Strips Ltd., Meerut Road, Alloys Strips. 
Ghaziabad. 
XIII. Dry and Wet Batteries 
i. Wil.lard India Ltd., 
Indl. Estates, 
Dry Batteries Dry Cell, 
Batteries. 
Sikandarabad Jasons 
Electrons Ltd., Indl. Site 
No. 4, Sahibabad, Ghaziabad. 
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UNITS PRODUCTS AND CAPACITY 
XIV. Electric lamps 
i. Shankar Bulb Industries, Lamps Flash Light, Cses. 
Dehradun Modi lantern Works, 
Modinagar, Ghaziabad. 
IMPACT OF IRRIGATION ON POLLUTION: 
In the past, nutrients materials in the agriculture 
economy followed clearly defined cycle, from the land to 
plants on to the animals. In some of the mors highly 
industrialized countries the use of the chemical fertilizers 
has short circulated this cycle, and many agricultural areas 
now have large surplus of plants and animal wastes that 
unless properly disposed off can cause soil pollution. The 
problem becomes particularly severe where urban areas 
boarder on agricultural land. As agriculture becomes more 
intensive, irrigation fields are applied with fertilizer 
likes phosphates and nitrates, pesticides like aldrin, 
agroxone, melathion and gamaxin. These may accur.ulate in 
the soil and dissolve in ground water. Many of these 
pesticides and herbicides are accumulative poisonous, their 
ill effects manifesting themself only after prolong use of 
water containing them. 
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In order to understand the impact of using ferti-
lizers and pesticides on water quality, an attenpt is made 
to discuss the consumption of' fertilizers, peticides, source 
and break down of agicultural inputs into normal soil, 
deterioation of the quality of ground water in sub surface 
drainage. Several chemical constituents effect the suitabi-
lity of v/ater for irrigation in the study area, some of 
those are. 
i. Total concentration of soluble salts (which is broadly 
related to specific conductance of water). 
ii. Relative proportion of sodium to calcium and Magnesium. 
iii. Relative proportion of bicarbonate to calcium and 
magnesium. 
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Table (VI> Total Consumption of Fertilizer in the District 
Meerut. 
Year 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
Nitrogen . 
20,973 
25,733 
42,722 
35,984 
35,910 
Phosphate 
4,194 
5,295 
6,583 
6,027 
6,937 
Potassium 
1,957 
2,814 
4,045 
2,701 
2,621 
Table (VEI) Consumption of Fertilizers in the District 
Ghaziabad in Metric Tonn. 
Kharif 
Year 
1976-77 
1977-78 
1978-79 
Year 
1976-77 
1977-78 
1978-79 
Nitrogen 
6475 
8456 
9009 
Nitrogen 
10889 
11502 
11766 
Phosphate 
848 
997 
738 
Rabi 
Phosphate 
2539 
3514 
3632 
Potassium 
441 
439 
382 
Potassium 
1562 
1363 
1276 
Collected from district irrigation department. 
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Table VIII Total Consumption of Pesticides in District Meerut 
Year Consumption 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
8,57,361 
10,09,428 
13,45,728 
17,94,197 
23,92,262 
Table (IX) Total Consumption of Pesticides in Ghaziabad. 
Pesticides 1977 1978 1979 
Aldrin 5% 
Carpril 10% 
Metallion 
Faridol 
Dithene M-45 
700 kg 
75 litres 
3 M.T. 
550 kg 
600 kg 
900 kg 
179 litres 
5 M.T. 
300 kg 
1000 kg 
1000 kg 
150 litres 
2 M.T. 
950 kg 
Collected from district irrigation department. 
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Table (XI) Water Quality Criteria for Public Water Supply. 
Characteristics 
Total solids 
Colour 
Turbidity 
Iron 
Chloride 
Manganese 
Copper 
Zinc 
Calcium 
Magnesium 
Lead 
Chromium 
Selenium 
Arsenic 
Cyanide 
(Mg+Na)So^ 
Nitrate 
Phenols 
pH 
Cadmium 
Mercury 
Flouride 
Sulphate 
Copper 
WHO 
ppm 
500 
5 Hazen 
5 Jackson 
0.3 
200 
0.1 
1.0 
5.0 
75 
50 
0.1 
0.05 
0.05 
0.05 
0.01 
500 
45 
0.001 
7-8.5 
0.05 
-
1.0-1.5 
2.0 
-
USPHS 
ppm 
1000 
15 
-
0.3 
250 
0.05 
1.0 
15 
-
125 
0.1 
0.05 
0.05 
0.05 
0.01 
-
45 
0.001 
-
-
-
1.5 
250 
3.0 
ISI 
ppm 
-
-
-
600 
-
-
-
-
-
0.1 
0.05 
-
0.2 
-
-
5 
-
6.9 
-
-
-
-
-
ICMR 
ppm 
-
-
-
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CHAPTER V 
POLLUTION INTENSITY IN THE BASIN 
INTRODUCTION; 
The area under study that lies in the central part of 
Gan>da-Hindon Doab, covers the most fertile belt of the 
Ganga basin with enormous industrial develojjment and 
intensive a-^ricultural activities. Industries like textile, 
suyar, paints, deteryents, domestic water supply and 
tanneries are the common source of pollution in the region. 
Besides excessive use of fertilizer, animal waste and saline 
soil and pesticides are some of the other sources of Sodium, 
Calcium, Magnesium and Potassium enrichment in the Basin. 
These metals are coacjulated into the sediments under 
changing alkaline condition of water. The area under 
investigation comprises the districts: Saharanpur, Muzaffar-
nagar, Meerut and Gaziabad. These four Tehsils have been 
sub grouped into two units from upstream to downstream in 
the order unit I (Saharanpur, Muzaffarnagar) and Unit II 
(Meerut, Ghaziabad)• 
MAJOR ION HYDROCHEMISTRY 
The physical parameters studied were temperature, 
turbidity, colour, taste and odour. 
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The temperature of the ground water is lari^ ely 
dependant on the atmospheric temperature, terrestrial heat, 
exothermic and endothermic reaction in the rocks, infiltra-
tion rate of surface water and interference of man on the 
ground water regime. For drinking purposes, the temperature 
should not exceed beyond 27°C but in the study area the 
surface and subsurface water bodies in the basin were found 
in the range of 27°C-36°C at various places. 
Colour, odour, turbidity and temperature are the main 
physical parameters to be considered for v;ater for 
beneficial use. Water for drinking purpose should be free of 
colours and objectionable odours. The presence of organic 
matter and iron may impart the smell of rotton e<-jgs, gases 
and some organic compounds may also impart unpleasant taste 
and odour to the water. In the study area the colour of the 
surface water in some places was found to be blue, (Kulshera 
bridge, Bhalalpur), green (Ghaziabad, Muzaffarnagar, Titawi, 
Saharanpur, Gagelheri), Black (Chimou village, Bahadurpur, 
Bhagwanpora), and reddish brown (Laaknaur). The change of 
colour of the surface water was due to the discharge of 
effluents from various tanneries, paint and pigment 
industries, sugar factories and excessive growth of algae 
and microorganisms in the area. 
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The turbidity is also caused by the presence of 
insoluble sediments, orc^anisms and oryanic matter. 
Usability of ground water in certain industries and for 
artificial recharge pur^jose may be restricted by the 
turbidity limits. The National Interim Primary Drinking 
Water Regulation require that the maximum contaminate level 
for the turbidity may not exceed one turbidity unit as 
determined by the monthly average. The public demand is 
sparkling clear water, this implies turbidity less than one 
unit i.e. a level of less than 0.1 unit which is obtainable 
when the water is Coagulated, settled and filtered. 
Turbidity is a good measure of sedimentation and filtration. 
A high turbidity level in the water was found near Kulshera 
village, Ghaziabad, Budhana, Muzaffarnagar, Chimou Village 
and in some parts of Saharanpur district. 
CHEMICAL QUALITY OF WATER: 
The chemical quality of water is a factor of great 
importance for irrigation and domestic supply purposes. 
Practically all the water contain dissolved salts and gases 
taken from the air with a little organic matter invariably 
present in pure water, generally in colloidal form. 
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THE DISTRIBUTION OF MAJOR ELEMENTS: 
The water samples collected from the various 
localities of the basin have been chemically analyzed in the 
chemical laboratory of Geology Department with the help of 
various analytical techniques and sophisticated instruments. 
SODIUM: 
The sodium content of the ground water is a function 
of weatherable minerals, pH reactionsi water also contain 
large amounts of sodium from the solution of evaporites. 
Sodium may be produced by the use of normal water softening 
process and is often present in various waste water. A 
maximum drinking water standard of 100 mg/1 has been 
proposed for the general population but in the study area 
the contents are higher than the permissible limits. 
The concentration of sodium in unit I and unit II 
ranged as follows-
UNIT I s.w. = 152.2 G.w. = 46.83 
UNIT II s.w. = 86,09 G.w. = 167.1 
The above results clearly indicate that the concen-
tration of surface water in unit I is hi^^her than in unit 
II. But the ground water concentration is lower than in 
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unit II, i.e. concentration of ground water of unit II in 
Kulshera villa<de is high and the surface water of unit I in 
Muzaffarnayar district is showing high concentration of 
sodium content. 
POTASSIUM: 
The common source of potassium are the silicate 
minerals in the water. The concentration of potassium 
ranges from 1 ppm or less, to about 10-15 ppm in potable 
water. In the study area the concentration of potassium in 
the surface and ground water bodies of the two units i.e. 
Unit I (Saharanpur and Muzaffarnagar) and Unit II (Meerut 
and Ghaziabad) was as follows-
Unit I Maximum S.W. = 61,100 G.W. = 4,103 
Unit II Maximum S.W. = 2.995 G.W, = 1,755 
The above result clearly indicate that the K content 
in the surface and ground water bodies of unit I (Niamo and 
Bomolla villages) is higher than unit II, 
CALCIUM: 
It is a common constituent of natural water resulting 
from the dissolution of limestone and dolomite. In the 
presence of water containing CO2 in dissolved form, 0300^ is 
quite soluble, the reaction being: 
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CaCO^ + H2O + CO2 Ca(HC02)2 
The permissible limit for calcium in drinkincj water 
varies from 75 mcj/l to 200 mcj/l as prescribed by WHO, 1971. 
2+ The Ca content m the surface water of Unit I & Unit II 
was: 
Unit I S.W. = 48.140 G.W. = 4.357 
Unit II S.W. = 58.60 G.W. = 3.861 
There was a tjradual decrease in the distribution of 
2+ 
Ca content of the surface water m unit I. The concentra-
tion of calcium in the surface water of Surana village was 
higher in Unit II. 
MAGNESIUM: 
Magnesium is a common moderately toxic element and is 
found in almost all surface waters. If high concentration 
is combined wit SO., a laxative effect results. Magnesium 
is also a constituent of hardness. In the presence of 
carbonic acid in water, magnesium carbonate is converted 
into more soluble bicarbonate. 
MgCO^ + CO 2 + H2O Mg(HC02)2 
In ground water the calcium contents generally exceed 
the magnesium contents, in accordance with their relative 
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abundance in rocks but contrary to relative solubilities of 
their salt. The permissible limit of Magnesium for drinkinc, 
water varies from 15-200 m^/l (WHO, 1971). 
There was a lar^e variation in maynesium content in 
the two units: 
Unit I S.W. = 20.94 G.W. = 22.00 
Unit II S.W. = 298.40 G.W. = 338.60 
2+ This clearly indicates that the M9 content in the 
surface and ground water bodies of unit II i.e. Kulshera 
village is higher than those of unit I. 
CHLORIDE: 
Sodium and calcium chlorides are found naturally in 
unpolluted water which are harmless to fish in high 
concentration. The chloride content may be determined by 
adding silver nitrate solution of known concentration and 
potassium chromate as an indicator to the sample of water 
containing chlorides. The permissible limit of chloride is 
250 ppm - 600 ppm. for drinking water. 
The average chloride content in surface and ground 
water bodies of unit I & II was found to be -
Unit I S.W. = 217 G.W. = 198.00 
Unit II S.W. = 99.4 G.W. = 188.15 
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The hiyh concentration of chloride in the waters of 
Muzaffarnac,ar & Saharanpur districts (Niamo & Tajjri villai^ je) 
was due to mineralized patches alon9 some places of the 
river resulting in a high concentration of salts in the 
water bodies of these districts. 
TOTAL HARDNESS: 
The total hardness denotes the concentration of 
calcium and magnesium in water and is usually expressed as 
an equivalent of CaCO-,. 
Hardness is an important criterion for determining 
usuability of water for domestic, drinking and many 
industrial supply. 
In the study area, the hardness level was found to 
be: 
Unit I S.W. = 460.00 G.W. = 480.00 
Unit II S.W. = 330.00 G.W. = 315.00 
The hardness of surface and ground water of unit I 
(Tapri and Niamo village) was found to exceed the 
permissible limit 350 mg/1. Whereas unit II the water was 
moderately hard. 
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pH: 
The pH value of natural water ranged from about 5.0 
to 8.5. The fresh water has a pH value of 6-8. 
The pH value of surface and ground water were in the 
ranye of 6.7 - 7.1 and 6.3 - 7.9 respectively. Tne surface 
water were more acidic than the ground water samples. 
The average pH levels of ground water and surface 
water of unit I & II were -
Unit I S.W. = 8.81 G.W. = 7.41 
Unit II S.W. = 6.00 G.W. = 7.07 
TOTAL DISSOLVED SOLIDS (TDS): 
The concentration of dissolved matter in water is 
given by the weight of material on evaporation of water to 
dryness followed by heating for one hour at lcO°C. The 
total dissolved solvents content should be less than 
500 my/1, but it is based on the industrial public 
water supply and on public health factor. Higher concentra-
tion may cause physiological effects and taste. Dissolved 
solvents can be removed by distillation, reverse Osmosis, 
electrodialysis or ion exchange. Water with more -nan 1000 
mg/l of dissolved solids is classified as salir.e irres-
pective of the nature of minerals present. 
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The T.D.S. in the study area were found to be: 
Unit I S.W. = 1,087 G.W. = 992.0 
Unit II S.W. = 428.8 G.W. = 1164.8 
The concentration of T.D.S. was found higher in 
surface water of unit I (Tapri village) and in G.W. of 
unit II (Kulshera village), suyyestiny that the water of 
these districts are unsafe for domestic and irrigation 
purposes. 
HEAVY METAL POLLUTION 
Metal containing industrial effluents constitute a 
major source of metallic pollution of the hydrosphere. Yet 
another means of dispersion in the movement of drainage 
water from the catchment area was due to contamination by 
waste from industries and smelting activities. Metal 
containing industrial effluents when discharged into river 
water are eventually dispersed and further diluted in the 
ocean. There is no satisfactory way available of assessing 
the environmental hazards of metallic elements discharged 
through waste waters. 
Industrial effluents containing heavy metals 
discharged along with other waste waters into surface water 
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may accumulate in sediments and contaminate the soil in 
adjoining low land areas where flooding occurs and where 
river water is used for irrigation. 
Rapidly increasing industrialization and various 
human activities is generating more water pollution loads 
with pollutants such as pesticides, detergents, cyanides, 
zinc, mercury, lead, copper, chromium, nickel, arsenic and 
other trace metals which are highly toxic and pose serious 
health hazards to man and other aquatic life. 
DISTRIBUTION OF HEAVY METALS: 
Lead: 
Lead is highly toxic to humans and may originate in 
water from the contact with the ground, industrial wastes 
and from water piping itself. The acceptable concentration of 
lead in potable water is 0.05 mg/1. It is a cumulative 
poison. Concentration exceeding this value occurs when acid 
water of low mineral content are piped through lead pipe, 
zinc galvanised iron pipe, copper pipe-joints and brass 
pipe. The use of lead pipes to conduct drinking water 
should be prohibited. Limestone and Galana are the natural 
source of lead. Certain industrial waste and motor vehicle 
also discharge lead. 
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The average lead content in the surface and ground 
water bodies of the two units were as follows: 
Unit I Min. S.W. = 0.020 G.W. = 0.039 
Max. S.W. = 0.168 G.W. - 0.065 
Unit II Min. S.W. = 0.046 G.W. = 0.122 
Max. S.W. = 0.523 G.W. = 0.456 
The lead concentration was found above the 
permissible limits in unit II (Atuar and Kulshera villages) 
as recommended by WHO (1971) and USPHS (1970). The maximum 
Pb content of surface water in both the units has been found 
to be higher than that of ground water. 
The high amount of lead content in water samples of 
these areas was mainly due to large scale development of non 
ferrous metal industries which is widely used in printing, 
manufacture of paints, water pipes, battery manufacturing, 
Pottery and soldering operation etc. 
Nickel: 
Although nickel is not considered harmful to man but 
it is moderately toxic to aquatic organisms and can be very 
toxic to plant life depending on its chemical form. No 
USPHS limit for nickel in drinking water has been 
established. 
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Nickel found in the environment is industrial rather 
than naturally in origin. Schrooder et al. (1962) have 
reported nickel in every kind of samples analyzed including 
water, plants and animal tissues. The burning of coal is a 
source of substantial quantities of nickel in the 
environment and the coal ash has been shown to contain 
nickel from 3 ppm - 10,000 ppm depending upon the origin of 
the coal. Crude oil may also contain nickel. There has 
been no report of widely spread damage to the environment 
by nickel compounds and it does not appear to be a problem 
with respect to its effect on flora and fauna. 
The concentration of nickel in surface and sub-
surface water bodies in the basin was: 
Min. Unit I S.W. = 0.018 G.W. = 0.007 
Unit II S.W. = 0.033 G.W. = 0.009 
Max. Unit I S.W. = 0.091 G.W. = 0.031 
Unit II S.W. = 0.112 G.W. = 0.111 
The Nickel concentration was found to be high in 
unit II (Surana and Ghaziabad barraige) which may be due to 
large variety of industries like electroplating, polishing, 
anodizine and paints in the study area. 
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Iron: 
Normally Iron concentration in unpolluted v^ ater 
occurs less than 0.5 mg/1 due to relatively anaerobic 
conditions. However, when anaerobic conditions are 
established e.g. under heavily organised areas which have 
leached ferric and manganese oxyhydroxide minerals in the 
sediments, reduction of the metals to their soluble divalent 
form occurs. 
Iron may exists in varying concentration in ground 
v/ater via solution by CO- or in the bottom of a reservior 
because of anaerobic condition. However, the primary 
objection to it in water is aesthetic. 
The concentration of Iron in the study area was: 
Unit I S.W, = 0.041 G.W. = 0.115 (minimum) 
Unit II S.W. = 0.108 G.',1. = 0.155 ( " ) 
Unit I S.W. = 6.854 G.W. = 4.405 (Maximum) 
Unit II S.W. = 6.488 G.W. = 0.4o5 k " } 
The high concentration of Iron in surface water of 
the two units i.e. I and II (Surana & Gagelheri) was found to 
be higher than the WHO (1971) permissible limits whereas the 
ground water content was within the permissible limits. This 
high concentration of Iron may be the result of stain, 
laundry and fixture etc. 
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Manganese: 
Manganese, reddish grey or silver soft metallic 
element is widely distributed in nature. Manganese is highly 
toxic to human but not at concentration normally found in 
water. Its removal is much more difficult if it stains, 
fixtures laundry and may produce a poor drinks. Concentra-
tion greater than 0.05 mg/1 (WHO 1979) may give metallic 
taste to water. 
Poisoning due to manganese is caused by inhalation of 
manganese dust by the workers working in manganese mines. 
The concentration range of Manganese in surface and 
ground water bodies in unit I and II was found to be: 
Unit I S.W. = 0.030 G.W. = 0.062 (Minimum) 
Unit II S.W. = 0.032 G.W. = 0.052 ( " ) 
Unit I S.W. = 2.481 G.W. = 0.146 (Maximum) 
Unit II S.W. = 0.472 G.W. = 0.172 ( " ) 
The concentration of manganese in both surface and 
ground water bodies was found to be higher than the 
permissible limits (WHO 1971) due to large scale of ferrous 
based industries in the vicinity of the basin. 
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Cadmium: 
The maximum limit in drinking water for the cadmium 
is 0.01 mg/1 (WHO 1971). Common source of cadmium are water 
and galvanised iron pipes/ tanks, industrial waste 
(electroplating), Nickel Plating, Pesticides, Photography 
wastes, cadmium in paints, plastics, inks, also nickel 
cadmium batteries and cadmium plated utensils. It is also 
found in zinc and lead ores. Cadmium vapourise when burnt 
and the salts of cadmium readily dissolve in water and can 
therefore be found in air pollutants, waste water, waste 
water sludge, land run off, food crops, tobacco and drinking 
water. 
The concentration of cadmium in surface and ground 
water ranged between -
Unit I S.W. = 0.032 G.W. = 0.041 
Unit II S.W. = 0.027 G.W. = 0.01 
It is seen that the cadmium content in Unit I 
(Saharanpur and Muzaffarnagar) and also in some parts of 
Meerut (Unit II) was higher than the WHO (1971) prescribed 
limit. The high concentration of cadmium may be due to the 
effluents discharged from the above mentioned industries in 
the vicinity of the basin. 
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Copper: 
Copper has been mined and used by men for many 
centuries. In human and other organisms, copper is not 
particularly toxic. Copper content should not be less than 
1.0 mg/1. Concentration of this magnitude are not present 
in natural water, but may be due to corrosion of copper or 
brass piping. 
The average water content in the two units, I and II 
ranged: 
Unit I S.W. = 0.03 G.W. = 0.038 
Unit II S.W. = 0.05 G.W. = 0.03. 
The copper content in the surface water was found to 
be slightly higher in unit II than that of unit I. No 
significant difference was observed in the ground water 
samples. 
Chromium: 
The toxicity of chromium is distinctively dependent 
upon its chemical form. The metal form chromium zero is 
extremely common but virtually inert whereas the hexavalent 
ion, chromium VI is extremely toxic. USPHS (1971) drinking 
water standard limit for hexavalent chromium is 0.05 ppm, 
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but state no limit for trivalent forms. Chromium is not 
known to be a cumulative poison to humans. Toxic effect on 
lower biological forms have variable limits of 100 ppm for 
fisheries and 5- ppm for irrigation water have been 
recommended. The average chromium variation in surface and 
ground water bodies of the two units were: 
Unit I S.W. = 0.188 G.W. = 0.193 
Unit II S.W. = 0.186 G.W. = 0.152 
It is seen that the chromium content in surface and 
ground water of unit I (Titawa and Lakhnaur) and Unit II 
(Baghpat and Farukhnagar) was higher than the WHO prescribed 
limit (1971). 
Zinc: 
Zinc in nature occurs almost exclusively in compounds 
together with other elements. In few cases, Zn has been 
found in metallic form. 
The zinc concentration in the surface and ground 
water samples of the two units varied as follows: 
Unit I S.W. = 0.383 G.W. = 0.316 
Unit II S.W. = 1.650 G.W. = 0.436 
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Zinc content of surface water and ground water of 
unit II (Ghaziabad and Jeserd villge of Meerut district) was 
found to be higher than that of unit I. 
DISCUSSION 
The area under study is highly industrialized and 
contains multi-ferrous industries such as sugar, 
hydrogenated oil, tobacco, textile, chemical, metal 
foundaries and dry and wet batteries. None of these 
industries are directly discharging their waste effluents in 
the Hindon river although effluents of some of these 
industries are carried away by sewage pipes or open drains 
and ultimately joins the river. Due to open drains the 
possibility of adsorption and settlement of some of the 
trace metals in the bottom soil from these effluents and 
their subsequent leaching into the subsoil zone including 
ground water is indeed quite probable. 
The Hindon river basin covering the four districts 
viz. Saharanpur, Muzaffarnagar, Meerut and Ghaziabad has 
been divided into two units namely unit-I (Saharanpur and 
Muzaffarnagar) and Unit-II (Meerut and Ghaziabad). Fig. (I) 
shows the Geographical position of these units with respect 
to Hindon river and its tributaries. 
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The main aim of the study is to determine the effects 
of industrialization on the composition of ground and 
surface waters. This has been carried out by random 
collection of water samples from surface (river, stream) and 
ground (water wells and hand pumps) waters. The water 
samples are subsequently analyzed quantitatively for various 
chemical constituents such as trace elements and common 
major elements. The other parameters, acidity (pH), 
hardness and total dissolved solids have also been 
determined. 
The trace metal content in the water samples from 
unit -I and unit-II was in the order of: 
Unit I S.W. = Fe > Mn > Zn > Cr > Pb > Ni > Cd > Cu 
G.W. = Fe > Zn > Cr > Mn > Pb > Cd > Cu > Ni 
Unit II S.W. = Fe > Zn > Pb > Mn > Cr > Ni > Cu > Cd 
G.VJ. = Fe > Pb > Zn > Mn > Cr > Ni > Cu > Cd 
It was observed that these water bodies have maximum 
Fe and minimum Cd in both ground and surface water of unit I 
and Unit II. 
The concentration of trace elements Fe, Zn and Mn in 
Unit I were in the range of 0.041 to 6.854 ppm 0.019 to 
0.383 ppm and 0.030 to 2.481 ppm both surface and 
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subsurface water respectively. On the other hand Cu and Cd 
has the lowest concentration amongst the trace metals and 
ranged from 0.01 to 0.38 ppm, 0.015 to 0.041 ppm 
respectively. Pb, Cr and Ni concentration ranged from 0.020 
to 0.160 ppm, 0.150 to 0.193 ppm and 0.007 to 0.091 ppm. 
Moreover in Unit II the concentration of the trace 
elements Fe, Zn and Pb were having the highest concentration 
in the range of 0.108 to 6.488 ppm, 0.037 to 1.650 ppm and 
0.046 to 0.523 ppm in both surface and subsurface water and 
on the other hand Cd and Cu had the lowest concentration 
amongst the trace metals and ranged from 0.014 to 0.031 ppm 
and 0.01 to 0.05 ppm respectively. Mn, Cr and Ni 
concentration ranged from 0.032 to 0.472 ppm, 0.144 to 0.186 
ppm and 0.009 to 0.122 ppm respectively. 
The values of metallic contents in surface and ground 
water samples collected from various stations in unit-I and 
unit-II indicated that the concentration of Fe, Ni, Mn and 
Pb on the average is slightly higher than the permissible 
limits 0.3 ppm, 0.021 ppm, 0.05 ppm and 0.05 ppm as 
prescribed by USPHS, WHO and NTAC (1981) respectively. 
Average concentration of Cd, Cr, Cu and Zn in surface 
and ground water samples was within the permissible limits 
0.01 ppm, 0.05 ppm, 1.0 ppm, 5.0 ppm as suggested by W.H.O., 
USPHS and NTAC (1981) respectively. 
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The concentration of major elements in the surface 
and ground water samples from unit-I and unit-Il generally 
followed the sequence: 
Unit I S.W. = Total hardness > CI > Na > K > Ca > Mg 
II S.W. = Total hardness > Cl > Na > Mg > Ca > K 
Unit II S.W. = Total hardness > Mg > Cl > Na > Ca > K 
G.W. = Mg>Total hardness > Cl > Na > Ca > K 
It is seen that in unit-I among the major elements, 
the concentration of total hardness, Cl and Na were having 
the highest concentration in both surface and subsurface 
water bodies. The concenatration ranges of total hardness, 
Ca, Mg, Na, K and Cr varied from 115 to 480 ppm, 0.493 to 
48,140 ppm, 3.988 to 22 ppm, 8.079 to 152,2 ppm, 0.090 to 
61.100 ppm and 31.95 to 217 ppm respectively. On zhe other 
hand the concentration range of major elements frcni unit II 
were having similar sequence both in surface ar.d ground 
water bodies. The concentration of total hardness, Ca, Mg, 
Na, K and Cl were in the range of 125 to 330 ppm, 0-752 to 
58.60 ppm, 3.528 to 338.60 ppm, 11.36 to 167.1 ppm, 0.145 to 
2.995 ppm and 28.4 to 188.15 ppm respectively. 
The concentration ranges in both the ur.it-I and 
unit-II were within the permissible limits prescribed 
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by W.H.O. and USPHS (1981). In general the average 
concentration of total hardness, Cl, Na, and Mg were having 
the maximum concentration whereas the K content was minimum. 
The higher concentration of these major elements may be 
attributed partly to greater salinity and partly to enhanced 
industrialization in the region. The average concentration 
of the major elements in the water samples from unit-I and 
unit-II was higher in surface water than in ground water 
samples. 
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SUMMARY AND CONCLUSION 
The study area covers the north-western part of Uttar 
Pradesh which is bounded by the two most inportant rivers 
namely, Yamuna on the west and Ganga in the east. It 
comprises of four districts of Ganga-Yamuna Doab starting 
from north with Saharanpur to Ghaziabad in the South. In 
between these two districts are Muzaffarnagar adjacent to 
Saharanpur in the north and Meerut in the South. The area 
is agriculturally very rich and is one of the fast 
developing industrial region of India. The area has been 
divided into two units which include unit-I Saharanpur and 
Muzaffarnagar and Unit-II Meerut and Ghaziabad. 
A systematic study of the chemical nature of surface 
and subsurface water bodies from these two .units of Hindon 
River basin starting from unit-I to unit-II has been made 
with a view to find out the extent of pollution of various 
cations and anions (Ca, Mg, Na, K, Cl etc.) in tr.ese water 
bodies. Detection and determination of trace elements 
namely Cu, Cd, Zn, Ni, Or, Mn, and Pb and Fe in tr.ese water 
bodies has also been made. The results r.ave been 
interpreted on the basis of demography and industrialization . 
The tracemetal contents in the water sar.ples from 
Unit-I (District Saharanpur and MuzaffarnagarJ ranged 
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as follows: Fe 0.041 to 6.854 ppm, Zn 0.019 to 0.383 ppm and 
Mn 0.030 to 2.481 ppm in the surface and subsurface 
water samples." On the other hand, the concentration of Pb, 
Cr and Ni ranged from 0.020 to 0.160 ppm; 0.150 to 0.193 ppm 
and 0.007 to 0.091 ppm respectively. The concentration of 
Cu and Cd were lowest i.e., 0.01 to 0.38 ppm and 0.015 to 
0.041 ppm respectively. 
While in unit II the metal content ranged from Fe 
0.108 to 6.488 ppm, Zn 0.037 to 1.650 ppm and Pb 0.046 to 
0.523 ppm in both the surface and subsurface water bodies. 
The Cd and Cu were detected in low concentration i.e., 0.014 
to 0.31 ppm and 0.01 to 0.05 ppm. Mn, Cr and Ni ranged from 
0.032 to 0.472 ppm, 0.144 to 0.188 ppm and 0.009 to 0.112 
ppm respectively. 
While comparing the Fe content with WHO standards, Fe 
content 6.854 and 6.488 in the surface water of unit-I and 
unit-II respectively exceeds the WHO permissible limits 
whereas the ground water of both the units was within the 
recommended limits. 
In unit-I and II the concentration of Mn is well 
within the WHO permissible standards but the surface water 
of unit I exceeds the prescribed limit. 
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The higher concentration of Cr and Zn of both the 
units in ground water in comparison to surface water may be 
probably due to the presence of dairies, sugar manufacturing 
and refineries in the region, which directly discharge 
their effluents into open drainage on the land and not in 
the river. The trace elements enriched bests effluents from 
these industries are absorbed by the ground and subsequently 
leached by the subsoil water resulting in high concentration 
of these elements in the ground water bodies of the region. 
The average metal content of Ni, Cd and Cu were'found 
within the WHO permissible limits. 
The highest concentration of trace elements in 
surface and ground water samples from unit II reflects the 
highest degree of pollution along the stretch. The area that 
falls under unit II is highly industrialized and contains 
multiferrous industries, ranging from sugar, hydrogenated 
oil, tobacco, textile, strawboard, chemical, metal 
foundaries to dry and wet batteries. They produce Beverages, 
paper, paints, varnishes, drugs, metal and metal alloys, 
rubber, medicine, soap and detergent. Hindon River directly 
or indirectly receives wastes waters discharged from various 
industries like multi-ferrous industries. 
In unit-I (Saharanpur and Muzaffarnagar) has greater 
concentration of sugar and dairy industries, obviously the 
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waste effluents are poor in trace metal content. Whereas in 
unit II the concentration of the majority of trace metals 
increased considerably and finally reached maximum in the 
most industrialized region of Ghaziabad. 
The lowest and highest concentration of the trace 
elements in the water samples from the two units have been 
explained by considering the location of the collection 
sites, proximity of the waste discharge sites, nature of 
waste discharges, type and size of the industry and nature 
of the soil and depth of the subsoil water. It appears that 
the concentration of trace elements is higher in water 
samples collected from sites that are located in the domains 
of industrialization or other man made activities. 
The highest concentration of major elements in 
surface water samples have been found in unit I. In general 
the major elements concentration in both the two units was 
well within the permissible limits suggested by various 
organisation for potable and irrigation waters. 
Na and K metals are highly reactive and are therefore 
not found in free state in nature. They react with water 
liberating hydrogen and form the corresponding metallic 
hydroxide in solution. Copper is comparatively inactive 
and occur free in nature. Calcium and Magnesium are the 
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alkaline earth metals which react with water and liberate 
hydrogen from it. Mg decompose water at high temperature 
quite easily whereas Ca decompose cold water slowly. Zn and 
Cd do not react with cold water but slightly decompose the 
boiling water. 
Cadmium is found in significant concentration from 
the effluents released from paints and pigment manufacturing 
units. The exposure of cadmium results in respiratory 
disorders, kidney damage, liver disfunction, anaemic and 
hypertension. The ground and surface waters of unit-II 
(Meerut and Ghaziabad districts) are contaminated with lead 
(Pb) which is discharged from the units employed in 
manufacturing of paints, water pipes, storage batteries, 
potteries, solders etc. Lead particulates are also present 
in the fumes of automobiles. Pb poisoning causes diseases 
such as anaemia, damage to central nervous system and mental 
deterioration. Production of dermatitis in sor.e workers 
engaged in electroplating polishing, paints and pigments 
industries in unit-II may be attributed to chromium and 
Nickel poisoning. The sleepiness and complaints of weakness 
in the legs are found in workers engaged in ferrous and dry 
and wet battery industries in unit-II. Respiratory illness, 
asthma and neurological disorders are common symptoms 
associated with Mn uptake. 
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No single treatment technique has been found 
effective for the removal of all potentially toxic metals 
from the water and wastes ' to acceptable deyree. For the 
majority of wastes, the solution lies in treatment by 
physical/ chemical and biological processes which will remove 
suspended, colloidal and dissolved solids. Sedimentation, 
filtration and coagulation will remove upto 50% of the 
organic material. The treatment method employed for the 
removal of metals from wastes discharge includes 
precipitation, ion-exchange, solvent extraction, 
evaporation, reverse osmosis, electrodialysis and 
absorption (by clays, activated carbon etc.). Ion exchange, 
reverse osmosis, electrodialysis, distillation and 
floatation process can remove Cd from waste water. In the 
industrial effluents chromium can be removed by reduction 
and precipitation reactions or by ion exchange in which 
chromate salt can be recovered and the deionized water 
reused. Electrodialysis, ion-exchange and reverse osmosis 
can be employed for the removal of lead. Catalytic air 
oxidation at an alkaline pH is usually the most economical 
method for the treatment of Mn. 
Ground and surface water pollution in the study area 
is mainly due to the indiscriminate disposal of industrial 
wastes, both on land and other surface water channels 
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(river, municipal sewers etc.)- Adoption of better 
industrial and agricultural practices will be necessary to 
prevent more toxic wastes from being discharged into the 
river. The disposal of industrial wastes on land should not 
be allowed in populated areas and the wastes must be 
disposed in the cemented tanks or pools. Further sewers for 
drainage of waste water should be constructed. Modern 
public health protection is provided by highly refined and 
well controlled plants both for the purification of 
community water supply and treatment of the waste water. 
~x-x-x-x-x-
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